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There’s no 
= substitute for the 
= FORGED crankshaft 


Crankshafts have been made successfully by 
other methods of fabrication and have proven to be 
good enough for certain non-critical applications—but 
for maximum dependability of the modern, compact, 
high compression, high torque engine a forged 
crankshaft is essential. 


The forging process assures, to the greatest 
degree possible, uniformity and predictability of physical 
properties with a minimum variance from piece to piece 
or from one location to another in the same piece. 


Wyman-Gordon has been forging crankshafts since 
the beginning of the internal combustion engine era and 
today produces more crankshafts for a greater variety of 
applications than any other company in the world. Ina 
crankshaft there is no substitute for a forging, and in a 
forging there is no substitute for Wyman-Gordon 
quality and experience. 


Established 1883 WORCESTER 1, MASSACHUSETTS 
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POSITIONS OPEN—-—— 


| HE following employment items are made Sales Engineer, 30 to 40 preferred 
available to AIME members on a non ‘ n metallus with some expe 


profit basis by the Engineering Societies Per ding. « al r pip 
sonnel Service Inc Agency operating im ny yrrne vel al y open 
cooperation with the Four Founder Socretres ‘ rn Jersey 
Local offices of the Personnel Service are at 
42W 40th St. New York 18, 100 Farnsworth 
Ave, Detroit, 57 Post St, San Francisco, 84 


E. Rendelph Chicege |. Applicents should Assistant to Plant Manager, ing 
etuliul ial 

address all mail to the proper key numbers in ‘ > . 
heat treating and 

care of the New York office and 
er yor 0 
im stamps for forwarding and turning appli 
ind production weld 


to a eu! 


York. W4560 


ation The applicant agrees, if placed ma 
position by means of the Service, to pay the 
placement tee listed by the Service AIME 
members may secure a weekly bulletin of 


positions available for $350 @ quarter, $12 a Research Engineers, 


year 
MEN AVAILABLE 
Metallurgist Production, | 4 ilso a ‘ . rien in pilot 
ty ‘ te ‘ ‘ elter test 
th 5 to 20 
and con 
oft extrac 
Si to 


S12 000 j ent \ tallurgica 


| Engineering METALLURGISTS: / 

Societies 
Personnel 

Service Inc. 


of the four Founder 
and afttilated with 
etves, ESPS 


New York Chicago 
Detroit San Francisco | Box 5 JM AIME 


yt? 


METALLURGISTS 
WELDING ENGINEER 


The expanding work of our Metals Research Department offers an 
exceptional opportunity to work on challenging research and develop 
ment projects. These openings offer excellent opportunity for pro 
fessional and personal growth for creative individuals who possess an 
interest in and knowledge of modern research techniques. Salary is 
commensurate with training and experience, with liberal benefits in 
cluding tuition free graduate study and generous relocation allow 
ance. If you have experience in the following areas 


Applied Metallurgy Foundry 
Extractive Metallurgy Welding 
Physical Metallurgy Alloy Development 


send complete resume to 


J A Metzger 


ARMOUR RESEARCH FOUNDATION 


of Hlinois Institute of Technology 
10 West 35th St. 
Chicago 16, Illinois 


1 Additional classified advertis- ¢ 

} ing appears on pages 312 and § 
314 


with one to five irs experience, to 
on problems of ex 

ill Will assist more 
<perienced engineers. Salary, $6000 
to $9000 a Location, western 


Pennsylvania 


Assistant General Plant Superin 
tendent, engineering and/or metal 
lurgy degree, with five to ten year 
experience in produ 1) operation 
to control and coordinate production 

vities and to supervise the work 
various production department 
ore proce ime plant Salary 
$4.880 to $13,320 a year. Location 


P4546 


Metallurgists, ) B.S. in 
chemistry or m hur with ap 
proximately two experience in 
the light metals field, to perforn 
netallurgical duti in extrusion and 
possible finishing areas. Salary open 
Location Ea t Coast W 4509 


Ore Dressing Metallurgist, to work 
on proce development and control 
in a progre ive mining operation 
Liberal housing and employe bene 
fit Salary, commensurate with ex 
perience. Location, East. W4493(a) 


Metallurgist, wit! ibout ten veal 
experience in the field of ore dre 
ing Experience in the nonmetall 
flotation field and in particular pho 
phate rock desired Salary open 
Location, South. W4492 

Assistant to Sales Manager, with 
metallurgical training and at least 

(Continued on page $12) 


PROCESS 
METALLURGISTS 


Mr A. A. Marquer, Jr 
CRUCIBLE STEEL COMPANY 
AMERICA 


Pittsbur 


310 JOURNAL OF METALS, MARCH 1957 


| 
i ‘ 4 
inj 
Location, New 
research 
robler re 
for growth 
| mpany 
| 
| Engineering Soctets j j 
| ther renowned Engin ' Alls 
New Yor 
for engineer trained and inter 
ested in Pyrometallurgy including 
tage melting, melting md 
refining juality carbor 
md stainie tee Chem: 
Engineenng r Metallurgical 
legres requ wit? mbina 
thor hott very rable plu 
four or mor " f research ex 
enence 
Excellent slary i benefit re 
ivailable with pportunite for 
reative { pment ind profe 
ional advancement in this expand 
ing Pittsburgh roth »boratory 
te na 
end nfiidential nd 
) Box 88 gh} 30 PA 
- 


Ube 
. 


From Johns-Manville refractory research. 


insulating fire brick with balanced properties 
for unsurpassed heat-control effectiveness 


The nine types of insulating fire brick 
produced by Johns-Manville offer 
furnace builders and operators a com- 
mon advantage —balanced properties! 


The Johns-Manville insulating 
brick formulated for your service 
gives you the ideal combination of 
physical and thermal properties with- 
out sacrificing one for the other. This 
means you get unsurpassed heat- 
control effectiveness .. . greater econ- 
omy in furnace design . . . hours saved 


in reaching operating temperatures! 


For a good example of the value of 


balanced properties, take the proved 
performance of JM-3000 insulating 
fire brick. Formulated for 3000F tem- 
perature service, this insulating fire 
brick has unusual load bearing 
strength, high spall resistance, low 
shrinkage and thermal conductivity 
proportionate to its density. 

Johns- Manville has two strategi- 
cally located plants for the production 


of insulating brick: Lompoc, Cali 
fornia and Zelienople, Pennsylvania 
Insulating brick are available from 
the stocks of authorized J-M distrib 


utors in key industrial areas 


4 


For complete information, call your 
nearest J-M representative. Or write 
for brochure IN-115A to Johns 
Manville, Box 14 New York 16, N. Y. 
In Canada, Port Credit, Ontario, 


REFRACTORY AND 


Johns-Manville INSULATING REFRACTORY PRODUCTS 


for 


1620 for 


S40 Cot C 27 tor $40 Cet C tor 
bech-up oF exposed 
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LITERATURE SEARCHES 
TRANSLATIONS 
BOOKS ON LOAN 
PHOTOPRINTS 


MICROFILM 


why not contact... 
The Engineering Societies 
Library 
33 West 39th Street 


New York 18, N. Y. 


Please send me information 
pamphlet on services available, 
how air mail can expedite 
them, and their cost 


Name 
Street 
City 


State 


VACUUM MELTING 


CRUCIBLE STEEL COMPANY 
OF AMERICA 


Personnel Service 
(Continued from page 310) 
irs field engineering and office 
experience overing investment 
$4,000 to $10,000 a 
York. W422] 


ting 


Lan atior Ne 


RESEARCH 
METALLURGIST 


Basic Research and Develop 
ment on heat-resistant mate 


ils for application to auto 
tive and aircraft engines 
cellent facilities and pp 
rtunity for investigating 

ical metallurgy de 
ion. and fracture be 


f high-temperature 


Write or phone 
W A Johnson 


Associate Director of Research 


THOMPSON PRODUCTS, INC 
23555 Euclid Avenue 


Cleveland 17, Ohio 


METALLURGISTS 
and 
METALLURGICAL 
ENGINEERS 


exist for both 
and those 
experi 


Opportunities 
recent graduates 
with several 
develop 
failure analysis, heat 
treating cor ion testing, 
welding and 
of met 


ence im reser 


ment 


metallography 
yeneral application 
illurgy. Fully equipped 
modern laboratory in South 
ern Ohi 
resume and salary informa 


tion t 


Send reply with 


Employment Department XX 
GOODYEAR ATOMIC 
CORPORATION 


P O Box 628 
Portsmouth. Ohio 


Production Engineer, 30 to 40, with 


mechanical ol metaliul 
training and at ast five 
operating exper! 
ence in sheet rolling mill Salary 
$9,000 to $10,000 a year Location 
West Virginia. W4216 

Sales Engineer, young, with met 
allurgical training and knowledge ot 
Welding to ell hard-facing alloy 
and metallizing powder n eastern 
tate Must have car. Salary, $5000 
to $6000 a year plus ion and 
‘ xper W 42! ) 

Test Engineers. 
neer, graduate metal 
ist to lay 
oratory 


neering 


years supervisory 


t or chen 


out test procedure in lab 


Should have trons 
$4000 to $9000 


mana 
verial ability. salary 
a year. b) Ore Test Engineer, grad 
nist, to run 
ore analysis and extractive me tallur 
gical test Will accept recent grad 
uate. Salary, $4800 to $5400 a year 
Company will pay placement fee 
Location, Denver. W4208 

Sales Engineer, graduate with 
metallurgical or chemical engineer 


late metallurgist 


ing degret to contact, on assign 
ment, established and new account 
to determine equipment require 
ments in the mineral processing in 


dustry experience not 
‘ ential. Travel 
$6000 a year plus commission Com 
pany will pay placerne nt fe Head 
New York and Denver 


Previou ale 


20 pet salary, 


quarter 
W 4207 


MINING AND SMELTING ENGINEERS 


METALLURGICAL ENGINEERING | 
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Introducing 


Cr- 


— austenitic stainless steel without nickel 


been painstakingly searching for high-efficiency 
steels using as little nickel and other critical 
materials as possible. This is a decidedly worthwhile 


Ke R SINCE WORLD WAR U, American steelmen have 


objective, especially so in view of the fact that no one 
knows when a national emergency will again confront us 

It now appears that this desirable objective has been 
attained in the field of austenitic stainless steels. For in 
USS ‘TeENELON- developed by United States Steel we 
have a remarkable new steel which, if it lives up to its 
early promises, should be a potent aid in helping this 
country conserve the supply of critical nickel. ‘TRNELON 
stainless steel requires no nickel whatsoever 

Aptly called a stainless steel milestone, nickel-free 
USS ‘TENELON is a completely austenitic stainless which 
in the annealed condition has higher mechanical prop 
erties higher yield strength and higher tensile strength 

at both room and elevated temperatures than many of 
the conventional nickel-bearing austenitic grades 

With the development of USS TrENELON, a new term 
has been introduced in the vocabulary of steel metal 
lurgy: Cr-Mn-N steel an unfamiliar abbreviation that 
clearly reveals the secret of USS TreNeELon. In this steel, 
manganese and nitrogen replace nickel inasmuch as they 
exert similar beneficial effects on the microstructure and 
mechanical properties. Here is a typical analysis of USS 


PENELON: 


Notice that, to enhance corrosion resistance, the car 
bon content has been kept low and the chromium level 
maintained equal to that of Type 301 stainle: tec! 
The combination of Mn and N at the indicated level 
produces an austenitic structure over a wide temperature 
range. Moreover, it assures the good hot workability 
necessary for commercial production 


STATES 


At elevated temperatures, TENELON stainless steel has 
tensile and creep rupture properties superior to those of 
I8C'r-SNi stainless steel and about equal to those of 15-8 
(band 18-8Mo, all three of which require large amounts 
of critical element 

Exposure tests now underway indicate that in rural 
industrial and marine atmospheres, the corrosion resist 
ance of USS ‘TRENELON in all these environments is com 
parable to Type 302 (18Cr-SNi) stainless. Extensive 
laboratory tests show that in milder acids lactic, phos 
phoric and acetic. the corrosion losses of USS ‘TENELON 
are about equal to those of Types 301, S02, and 201 
stainless steels. In stronger acids such as 5°), sulphuric 
and boiling 5”,, nitric, this new stainless, though inferior 
to these grades, is equal to or better than ‘Type 430 

USS ‘TENELON is new and, although a number of com 
mercial heats of this steel have been produced, the testing 
program is still incomplete. However, on the basis of 
tests made to date and others nearing completion, 
TENELON is emerging as a stainless steel eminently 
suited for rail cars, automotive vans and tank- trailers 
liquid fertilizer tanks, and for various military and other 
applications where it can be used in its annealed as well 
as cold rolled condition to save structural weight and 
conserve nickel 

The trademark name, ‘TeNELON, is derived from the 
steel’s high tensile strength and unusual elongation (in 
dicative of very great ductility In short, this steel is 
named for the very properties that should lead to it 
use in place of many stainless steels that, to achieve 
comparable properties, depend relatively large 


amounts of critical alloy element 


The development of TRNELON is typical of the un 
remitting efforts of United States Steel to continually 
produce better steels that not only more effectively 
meet the needs of American Industry but will benefit 
the Nation as a whole. United States Steel Corporation 
525 William Penn Place, Pittsburgh 30, Pa 


*Trademarha 
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METALLURGISTS 


can you 
identify 
these tests? 


If you are interested in exceptional career oppor 
toirvitye the expanding ‘nuclear power industry 
offers you a creative challenge 

Metallurgists engaged in alloy development 
work are pictured in well-equipped Westinghouse 
setts Plant laboratories. They are performing 
tests which involve kinetics and mechanisms of 
corrosion and oxidation, mechanical properties, 
and solid state transformations. A few other ex 
amples of work, not shown, include x-ray diffrac 
tion analysis, physical chemistry of molten metals, 
phase diagram determination, and irradiation 
effects ino metals. These represent some of the 
experiments necessary to develop the materials 
for fuel elements and vessel structure which will 
be used for nuclear reactors and cores. Designed 
ind developed by Bettis scientists and engineers, 
these reactors will power nuclear submarines and 
surface ships as well as the nation’s first full-scale 
commercial nuclear power station 

We welcome inquiries from metallurgists who 
ire interested in joing outstanding sentists for 
i career in nuclear power. Please address resumes 
to: Mr. A. M. Johnston, Dept. A-1S1, P.O. Box 
1468, Pittsburgh 30, Pennsylvania 


BETTIS PLANT 
Westinghouse 


see 
ete per of Pre wized Water 
as 
‘yal le 
4 
be 
‘ a Sab 
tir MW. Burkart. bellow Eng ear nd Mr. P. Schnizier 
te ive th thre fra ture irface of U 
s 
‘eh 
“ 
Mir, W. A. Bostron eer, and technician 
WwW ft we as re pas tt nort in mete 


For 
Hxecutives 


e Interested in producing low-carbon steels 


e Decreasing production man-hours 


® Increasing shippable yields 


Man-hours of production cost and shippable yields now afford the 


steel producer just about the only opportunity for improvement to 


meet price and quality Competition, 

The addition of but small quantities of MCA rare carth materials 
frequently results in valuable savings in surface preparation costs 
and increased shippable yields, both of which have been demonstrated 


in »sroduc t10n runs. Plate steels, dee ) drawin r sheet steels, low-« arbon 


steels, silicon and stainless steels, and steels demanding transverse 


properues are among those especially suscepuble to improvement 


with rare earths. 
The substantiated proof of rare earths in steel-making economy and 
MCA's technical knowledge are unsurpassed. Write or call today for 


details. 


Grant Building CORPORATION OF AMERICA Pittsburgh 19, Pa. 
Offices Pittsburgh, Chicago, Los Angeles, New York, San Francuco 
Sales Representatives Brumiey Donaldson Angeles n Francinco 


Subudiory Cleveland Tungsten Cleveland 


Plants Washington, Pa. York, Pa 
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New Gisholt 30 H.P. Turret Lathe features a 


bedframe 


compact, 


inteyrated headstock 
kel 


yn Nickel alloyed component help 


keep the 12 
dependabl 
by Gisholt Machine 


peed unit running smoothly 
at top performance Produced 


o., Madison, Wisconsin 


Gisholt depends on nickel alloy steels for 
highly stressed parts in new saddle-type turret lathes 


In Chuck Screws — carburized type 3312 nickel chro- 
mium steels with wear resistance plus a tough 


cause to prevent thread chipping, and a strong 


core to carry heavy torsional load 


In Certain Headstock Gears type 4620 Ni-Mo case- 
hardened to provide wear resistance and strength 
with a minimum of distortion during heat- 


treatment 


In Drive Pinions for Hexagon Turret Saddles where 440 
Ni-Cr-Mo steel! quene hed and tempered to 40-45 
ha pore 
INCO 
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ved its uniformity and reliability 


through years of service. 


Three problem parts! Three practical solu 
tions for Gisholt! All proved > en 
teels. What about critical metal parts in you 


with nickel alloy 


product 3? 


Chances are, too, that solutions to the problems 
they present lie in the outstanding combinations 
of properties available from steels containing 
nickel. Why not take advantage of Inco’s availa- 
ble knowledge of the capabilit ies of nickel steels. 
Send us the details of your problem, and we will 


he glad to suggest possible solutions. 


THE INTERNATIONAL NICKEL COMPANY, INC. s22vo.0s'8¥ 


» 


Cobalt... U. S. Production 


The 1956 U. S. cobalt production is estimated to have been some 2500 
tons, While metal imports amounted to 6000 tons. From domestic ores 
output was some 1700 tons of metal. The Blackbird mine of Howe 
Sound Co., the largest producing mine in the Western Hemisphere 
which supplies the Garfield refinery of Calera Mining Co., was 
producing close to its 1500-ton capacity. At the Garfield plant, research 
is underway on a process for producing high purity electrolytic cobalt 
For a description of the Garfield plant turn to p. 343 


Cobalt... U. S. Consumption 

With 1956 U.S. cobalt consumption estimated at 8500 tons, some 3500 
tons probably went to the strategic stockpile. Of the remaining 5000 
tons some 50 pet was for high temperature alloys, 30 pet for alloys for 


magnets, and 20 pet for pigments, electroplating, ete 


Cobalt... In the Belgian Congo 

The Belgian Congo accounts for some two thirds of the cobalt output 
of the noncommunist world and is the largest supplier to the U.S 
market. By far the largest producer in the Congo is the Union Miniere 
lu Haut Katanga, which produced some 10,000 tons in 1956, an increase 


oft tons over! 1955 


New Developments in Magnets 
High-cobalt iron alloys, the traditional magnet material, are meeting 
increasing competition from alternatives. One such group are the fet 
rites, a hard ceramic material artificially produced by the fusion of 
iron oxide with oxides of other metals. While poor electrical conduc 
tors, ferrites exhibit a high degree of permeability to electromagnet 
waves. Another material, the compound MnBi, is prepared by grindin 
manganese and bismuth together in a helium atmosphere and heating 
520 F. The resulting MnBi is reground and imbedded in a plastic 
matrix, oriented in a powerful magnetic field. Each particle is itself a 
tiny magnet, thus the material has a particularly high resistance to de 


maynetization 


Cobalt Research Group at Battelle 

With increasing competition from substitutes in magnets and expand 
ing cobalt output, world production is generally conceded to exceed 
peace time commercial requirements. To encourage cobalt research 
and produce technical and economic information for users, a Cobalt 
Information Center was recently established at Battelle Memorial In 


stitute in Columbus, Ohio 


Manganese from Low Grade Ores 


With the U.S. almost completely dependent on imports of manganese 


ores, considerable interest has centered on the development of eco 
nomic processes for producing ferromanganese from low prade do 
mestic ore: General Services Administration has announced the 
award of a contract to U.S. Manganese Corp. to pilot a process using 
Colorado rhodonite as a raw material. The new firm was formed by 
Vitro Corp., Sheer-Korman Assoc., and Great Divide Mining & Milling 
Corp. The process consists of compressing a flotation concentrate with 
coal dust into an electrode which 1s used in a high intensity are pros 
f Strategic-Udy Metallurgical and Chemcial Processes Ltd. ha 
commenced operation of a $2 million prototype ferromanganese plant 

Niagara Falls, Ont., Canada to process ore averaging 13 pet Mn and 


19 pet Fe. For a de cription of the proce 


a 
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Onder Your 


1956 BLAST FURNACE PROCEEDINGS VOL. 15 


The Proceedings of the 1956 Conference of the Blast Furnace, Coke Oven, 
and Kaw Materials Committee, lron and Steel Division, AIME, can be purchased 
by those unable to attend the Conterence held in Cincinnati, April 9-11, 1956. 

Use the convenient order form below. 


Several volumes of recent Conterences are still in stock, and can also be pur- 
chased. 


These valuable papers were presented at the 1956 Conference: 


Sizing and Sintering of Ores 
at Jones and 


anada 


dre Sintering Plant 


Blast Furnace Ope rations 


netrat 


Desulphurization of Hot Metal 


siphurizot 
Hot Meta 


n Sintering 


METAL 


Price: $10.00 


AIME memben m 


Nii ... AIME Members: $ 7.00 


er btoretan Order Ada the 
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Low fu Rat 4 with Th Blast 3 pared ) and Anthracit Mintur 
Research and Development 
React 2 Sint F JURNA| Award Pap 
nt vestigat Factornal C yn Eng nent 
Methods , juction Rot Flue. Oust 
AIME 29 W 39th St. New York 18 NY 
: Please send me a py of the 1956 Blast Furnace Pr 
eeding ils with purchase Proces fings for the 
following Conterences 
Vol 
m4 
1953 ‘Vol 
1952 (V 
19 10 
Enclosed « Check Money Order for $ 
be billed 
Address 
: City and Zone State 


a proved General Electric X-Ray product 
DIFERACTHON | Products better 


TORSION BAR 
SPRINGS 


How Chrysler used 
x-ray diffraction 

in perfecting new 


X-Ray Diffraction Unit played an important part in metal 
lurgical testing of torsion bar material 


NE of industry's most thorough engineering develop For Chrysler's many customers this means dependable 


ment projects is found in the dramatic new Torsion performance of a suspension system that's designed to de 
Aire suspension system, a key feature of THE FORWARD liver ‘sports-car’” manecuverability and “limousine” boule 
LOOK for 57 But Chrysler fa ed a problem — how to best vard rice 
roduce and heat-treat torsion rods General Electric's x-ray diffraction equipment offers you 
y jut} ) 
Chrysler's Research Section studied the problem with their fast, accurate qualitative and quantitative analysis of both 
G-E X-Ray Diffraction Unit. Here's how it was done. X-ray solids and liquids. A full range of accessories lets you make 
measurements of residual stress were made to accumulate the most of advantages offered by both the diffractometer 
basic information. Such study clearly established the residual and x-ray emission spectrometer et, design is such that 
) | y 
tribution ipable of maximinm fatiphe life expectanc you can Start with minimum equipme nt add features as your 
] ) ) y 


Por complete details. consult your G-E x-ray representa 


tive. Or, write X-Ray Departs vent, General Electric Com 
pany Milwaukee 1, Wisconsin, for Pub. AY-34 


XRD.5D/F — latest 
odel General Ele 
ic X-Ray Diffraction Progress /s Our Most /mportant Product 


tr 

Unit. Th nt 
if 
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1957 
POWDER METALLURGY 


SYMPOSIUM 


HE symposium on powder metallurgy which Is pub 
lished on the following pages was arranged by the Powder 
Metallurey Committee of the Institute of Metals Division 
and presented at the AIME Annual Meeti in New Orlean 


on Feb. 28, 1957 


One olf the principal purpose ol thi yYmposium Wa 
acquaint engineers in the outhwestern part of the country 
with the technique ol powder metallurgy. Phe subjects of 
the first two papers were, theretore chosen because of thei 


particular interest to engineers in the aircraft and petroleum 


industrie Filters made from metal powders are widely) 
used both in airplanes and engine For drilling wells, the 


use of cemented carbides and impregnated diamond drillin 
pit important product of the powde! metallurgy industr 


need hardly be emphasized 


These two individual papel are followed by a panel ail 
cussion on high strength structural part Fabricatin tru 
tural parts from metal! powder! lifted powder metallurgy 


ne yond the limit ola technique ised only tor ratne! pecial 


ized applicatior and put it squarel into competition with 
itther. more conventional methods of tabricatin machine 
part uch aS machined castin or steel bar stock, diecast 
inv. forging. ete. Powder metallurgy as a technique tor mak 
in uch part Wu at first immited to application Where 
only moderate mechanical propertse comparable to those 
of a medium vrade of cast iron, were required. Raisu the 
| evel of mechanical propertt« these ir? techy que 
Vhict nave beet recent aeveloped tha opened up 
pote ntial new applicatiol! thie pt wder metal 
il technique A mere beginnit has been made in ae 
tuall ploiti ition The panel adiscu lo! 
vas theretore ade ed tt juaint er rent wil the nev 
ibilities in powder metallut FV. Lenel 
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Metallic Filters By Powder Metallurgy 


It was during the late 1930's that sintered bronze filters 
were first produced because of their strength, corrosion re- 
sistance, and efficiency in filtering fine particles from a 
stream of liquid or gas. Ten years ago stainless steel filters 
were first produced by powder metallurgy, and only two years 
ago metallic fiber filters were put on the market. Today pow- 
der metallurgy promises many interesting new developments 


in this field. 


by John Haertlein 
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cihe requirement 
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comparison of the 


JOHN HAERTLEIN is Research Metallurgist, Metals Disintegrat 
ing Co, Elizabeth, N J This paper was presented in the Symposium 
n Powder Metallurgy of the AIME 1957 Annual Meeting 
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( ind Moraine Products D of General Motor mal ting 
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! the tiite - part the 
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luced commer powder metallurgy | particle siz 
ethods. The most recent innovation in this field, metallic 
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However, Table I presents a rough COE Screens, 
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; clarification purpos l'o understand this a little better, let us take a brief | 
look at the eometry of spherical packin sphere 
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E where each particle is touched by four others in the 
ume plane, or the particle cun arrange themselve 


Fig. 2—Typical mold for producing sintered bronze diesel 
oil filter, used by the railroad industry Courtesy Amplex 
Chrysler Corp 


Fig (lett) —Comparison of filtering efficiency of sintered 
bronze filter vs. AN paper filter, both filters carrying identi 
cal manutacturer’s ratings tor tlow and efficiency. Twice as 
many particles were found in a 10 cc sample of the effluent 
ot the AN paper filter, and this paper tilter passed a broader 


range of particle sizes than did the metallic tilter 


of triangle where each particle is ad tribution as possible within any given grade of 

others in the same plane. A contami powder. A wide range of particle zes will result 

having a diam 41.4 pet of that of the in the mallest particles occupying hole the 

make the filter hould be able to keleton of the coarser particle The over: pore 

u filter having the square arrangement ity will, therefore, be reduced, affecting both the 

! whereas this would be only 15.6 pet permeability and the filtering efficrenc It is, how 
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ze filte will be al to about 15.6 pet of the iu the coarser prade which 


diam of the spherical particle ised in that filter izing below 100 mesh would be 


Table II gis the sizes for the maximum particle 
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maximum Is approximately the same Table | Advantages of Various Types of Filter Media 
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Fig 6—Pressure drop characteristics for aw tlow through a 
1 sq in. area of sintered bronze filters in. thick Staimless 
steel filters of corresponding filtering efficiencies have iden 
tical pressure drop characteristics 


Fig 5—Relationship of breaking strength to the tensile 
strength of various grades of bronze filter powders. Breaking 
strength is obtained by forcing a '2 in. diam rod against the 


center of a |!) in. test specimen 


Table 11. Calculated Maximum Particles Passing Filters Made Table 1V. Typical Properties of Bronze Test Filters 


trom Various Grades of Powder 
Max 


Calculated for Pressure ore Diam 
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Cemented Carbide and Diamond 
Impregnated Drilling Bits 
by G C. Nalon 
Fiber metallurgy most recent 


development. 
TI paper, which was presented at the Powder 
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High Strength Structural Parts By 
Powder Metallurgy 


— Theory — 


A discussion of the factors responsible for the strength of 
metals prepared by powder metallurgy and other means. 


by Henry H. Hausner 


ve beheve there | ifficient evidence to say that 


| gs considering the structure of metals in a general 
way, one may distinguish between a) metal iny lattice imperfections in the single erystal wall 
t of one ngle crystal; and b) mult: considerably lower it trength, whereas the addition 
of lattice defects to the already imperfect lattice of 


which con 


crystalline metal There j uw basic difference be 
tween single and multiple crystal material vith the multi-crystalline material will usually result in 
espect to strength. The single crystal material usu in increase of the strength 
illy has an abnormally high strength which could be strength, like many other properts of these 
everal hundred time reater than the treneth of multi-e! talline material not determined 
the same metal with the multi-crvstalline ftructure much by the material itself, the lattice configuration 
But thi is true on if thie nele crystal perfect and atomu distances but rather by’ thie type 
dot not contain ar lattice Impertection ict amount, and dist bution of the impertect on the 
as vacancle dislocation or interstitial atoms. There lattice. One distinguishes between a) electromie di 
also another difference between a perfect le ordet Db) excitation vacant lattics ite or Via 
‘ t ind a multiple « tal materia the perfect cance ind d) interstitial aton includin mil 
ngle ¢ tal deforms elastical inde tre and placed lattice atoms and foreign atoms or imput 
A COVE i oon as the stre removed, where tie The concentrations of these various type of 
is the multiple « tal mate il unde the imme mperfections are not independent of cach othe 
determining the properties of the material wa 
the defects in the lattice tructure nyvle ¢ tal developed and outlined some 20 years avo, and it wa 
inder certain circumstance can be produced i heretofore estricted to the rathe limited field of 
| tically ind torted latt wherea Mm ilti old tute pny if Toda i? known that the lat 
talline material always conta ittice imperfee tice distortions achieved by cold working make a 
tion metal hardet ana tronpe and a that the 
At thie ent ite Ki Vie fect of thie lattice od iced ny fore atom 


allo. tronger and harder than the pure 


HENRY H. HAUSNER, is Vice President of Nuclear Engineering metal 
Div., Penn Texas Corp, New York. This paper was presented in the rhe correctne of the dislocation theo md the 
Symposium on Powder Metallurgy of the 1957 AIME Annual Meeting 
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compact depends on the interchange of atoms 


contact areas between the particles, and the 
I nterchange probably a function of the 
e« defects. The fact that an interchange 
akes place during the compacting 
concluded from the data in Table I 


in strength and decrease u 


1 compacts which were Kept 


r period ti 


Tif 
change in density 
compacting, however, 1 


up equilibrium condition 


i! i decrease of 


Lattice imperfections of powder fects. One may regard this type of 
ompacting as a first step in sintering 


surface are a significant factor. 


A complete rearrangement of lattice 
defects takes place during compacting. 


compacting, a change in the lattice « 
ition within an individual particle 
We have to distinguish between the 
defect >D., and body defect ~D 
result in the total number of defect 
ndividual powder particle. During compacting 
powder particle are deformed, and an exchangs 
irface atoms occu! therefore, a decrease in the 
lattice defects take place. However ome 


old work tak lace, and thus the numbe of body 


lattice defects increase 


Density is only one factor in determining 
strength of sintered compact. 


Sintering is an operation during wh 
takes place, with the tendency towards equilit 
conditions in the particle and a considerable de 
e in lattice defects occur One usually corre 
intered powder compact 
correct only to a certain 
just one factor which determine 
of the compact; the amount of lattice 
the movement of material and 
heating period of sintering determine 
and therefore the strength. The cooling 
od of sintering, however, hardly affects the den 
but it still determine 
nuth 
a material not sintered to its full density, but 
racterized t a certain porosity trength is not 
a function of the density and the total pore vol 
but also a function ¢ he pore size and pore 


The treneth of a sintered mate 


Strength of gr i 
9 ell aie compact eS largely Table |. Effect of Compacting Time on Green Strength and 
dependent on interchange of atoms. Resistivity of Copper Powder Compacted at Room Temperature 


with no Lubricant 


Transverse Kesistivity 
Pressure Kupture, Pst Microhm-Cm 
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Fig 1—Within the temperature range TT. densification 
and grain growth are almost parallel, but below this gram 
growth is delayed by the large amount of pores 


haped ially 
early deg ntering 
fected 


termed triangle——pore from an 
probably trongly af 
notch effects of this type of void, and 
umed that with 


pheroidized voids will be with 


ma’ a intered material 


tronger than those 
cusp 


hape d void 


During intering lattice defect 
takes pli wh and dislo 
ation riginally pi t im the 


us the detect 


powder partich 
added in plastic deformatior 
ring compacting. Nucleation, originating during 
compacting, result 1 recrystallization and grain 
growth during sintering. Fig hows that within a 
certain temperature range, 7 T,, of the 


intering 
reatment, densification and 5 


below thi 


1 growth are almost 
parallel temperatt e densification 
yrowth which 

ubove thi 


howeve! the rate of grain 


progresses more rapidly than grain 
delaved by the 


amount of pore 
emperature 
rowtl much faster than the rate of densificatior 
(rain growth 1s the reason why 


with al her density 


intered material 
ometime how trengtl 


thar ntered materi with low densiti Sintering 


Table Il. Effect of Compacting Temperature and Time on the 
Physical Properties of Hot Pressed—10 Tons Per Sq In 
Electrolytic tron 


Compacting Physical Properties 
Tensile 
per Hardness Strength Flenga 
(atm Pei tion, Pet 


Temper Time 
ature See 


not onl densification and grain growth, 


it acts also a innealing treatment——as a treat 
ment resulting in ace of the lattice and 


therefore trongly afl trength of sintered 


tain orderin 


Hot pressed materials are characterized 
by high strength but low ductility. 


Most 
lal mace hot pre Ink, “wu proce 
combine 


interesting in powde metallurgy are the 
which 
compacting and 


many cases, the 


Intering one 
apphed compacting pre 
lower than those applied for room temperature com 


pacting, and the temperature and time of compact 


ng are lower and shorter, respectively, than during 


regular sintering subsequent to compacting. The ap 
hort period 
not permit the lattice defect 
) lattice 
takes place. These hot pressed material 
are, therefore, usually characterized by high strength 
but low ductility 
Table I] shows the results of Henry and Cordiano’ 
already classical hot pressure experiments on elec 
trolytic iron. The 


erie Wa 


plication of low te mperature for only a 

time, however, doe 
to migrate and practically no annealing o1 
ordering 


compacting pressure in this test 
10 tons per sq in., the compacting temper 
ature varied from 500° to 780 C 


and the compacting 
me from 50 to 450 sec. The maximum strength wa 
obtained by compacting at 700 C for 450 see (58,000 
1), with a specimen which had not yet reached full 
Compacting at 780 C for 50 to 450 see in 

density but lowered the trength It 

the ample compacted at 700° C for 450 

¢ showed maximum strength, because optimun 
conditions were obtained with respect to density and 
defect To get high trength 


metallu processing, these are 


lattice material 


powder therefore 


the optimum condition 


Defects in powder metallurgy parts 
are randomly oriented. 


Strenethenin of metal by cold wo ich 


extrusion, et well known to hie 


t. The 


metal 
trengthening is accomplished by adding 
the ystal lattice In these cold worked 
however, the defects are oriented in the 
which working take 


product the defects are perfectly uniform 


material 


direction place In a powdel 
metallus 
onented 


ind randoml which is one of the preat 


to offer 


with respect to the behavior of poy 


powder metallurgy ha 


product during neutron bombard 
actually than vith 
in which the defect are obtained by 


ision. Thi 


limited ¢ 


hown Ie change 
rolling 
tutement. however! based on a 
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tests have to be 


lattice 


made in order to full 
defect or the 


propertse af powder: 


behavior 


metallurgy 
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High Strength Structural Parts B 
Techni 
A description of some of the techniques employed for pro- 
duction of the more commonly used high strength, structural 
materials produced by powder metallurgy. 
by George Stern 
TT Hk powde metalbur ndustry consumes ap of graphite, copper, nickel, and manganese in_ the 
| rroaate 11.000 ton of iron powder of vari form of manganese carbonate or ferromanganese 
type a ses vhich certainly make thi Double Sintering: For double sinterin as with 
lassification one of the most umportant in the field ingle sintering technique the same consideration 
f powder metallur While not all parts made hold as far as alloying elements, high temperature 
fron on powde can be categorized as high for sintering, and the preferred use of electrolyti 
Mluction of such part rowing tast instead of reduced iron powder In mar Cast 


where two sinterings are used, the. first sintering 1 
at a lower temperature and for a Shorter time. Thi 


Conditions for producing 
. . accomplishes a partial diffusion of alloying element 
high strength ferrous parts described. an elimination of surface and trapped impuritie 


trey th ferrouw part ht be considered ma produce a“ oft ductile tructure The econd 
ite havu ter le treneth in exce of interin usually at the higher temperature ! 
OOO Broad! wakin ich high trenetl order to complete diffusion and alloyin 
re duced b le pore Since high pre ure are required for the prac 
a nterin 1 double pressit ind a single © tical achievement of high strength ferrous part 
nfiitratior having close dimensional tolerance the use of car- 
Single Sintering: If a single sintering is practiced bide dies is extremely important. Carbide dies per- 
te ise clement ind mit the economical use of high pre ire without 
high temperature nteri (in Exee of 2200 F) excessive die wear and allow the parts to be ejected 
frequent electrolyti n powder ive highe from the die without the introduction of cracks or 
ph wal than extuced m powce Alloving ele lamination 
ES COE employed are carbon in the forn Prealloyed stainle teel powders are finding u 
GEORGE STERN ws Vice President and Technical Director of creasing use for the manufacture of high strengtl 
American Sintee! Corp, Yonkers, NY. This paper was presented part In this case, high pre ire carbide die and 
as part of the Symposium on Powder Metallurgy of the 1957 AIME interin temperature of approximatel 2350 Ff 
Annual Meeting must be used, in a pure dry atmosphere of | irogen 
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or cracked ammonia, OI 


in i um. Where ¢ Special techniques used for 
tolerances must be adhere a second pressing 1 
isually employed 


high strength materials. 


A recent technique introduced in Europe, whereb 
halides are resent during 

the formation of high 
it comparat 
cifically 


boat 


intering, 
trength ferrou 
ively low sinter! 


ing temperature 
when 


Hot Pressing: Hot 


pres 
widely practiced method for achieving hi 
erials Via powdet 


ihieides, and othe readily made by hot 
during sinter- pressing mixtures of powders containing the metal 
elongation at fracture increa metalloid compound and the de 
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vated normal sintering. The halogen in trength, low 
upe in a chemical reaction 
iron particles, and sintering 
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gh strength 
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containing 
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which penetrate 
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working 
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High Strength Structural Parts By 


Powder Metallurgy 


— Applications— 


Specific details of the application of coining and resintering 
techniques, as well as the application of most sintering 


processes. 


by J. M. Copeland 


! i my tant, fabricat 
it int tye ‘ ntrolled na 
fit tele me ‘ than te conver 
onal 4 lered etal part f bee ! md low 


ipplicat 


High density means better 
physical properties. 


W fabricated | multiple pre and 


t nhiitration technique trengtl 
tered i how |e O pet pore 
In terms of densit wht or solid iron is 7 
per tered teal th densit ibove 
cm { ntered mate il with |e 
this LO pet 4 tv) in be deseribed as high der 
When hest trenptl ind ire re 
quired i or t iV be nece i 
ien mum density 
Strenot) fuetilit and impact properties of low 
ler ite il ‘ isuall puite low while a 


} M COPELAND is with the Sintered Matenals Laboratory of 
International Business Machines Corp, Endicott, N.Y This paper 
was presented in the Symposium on Powder Metallurgy of the 1957 
AIME Annual Meeting 


136 JOURNAL OF METALS. MARCH 1957 


tilit ind strength of } h density materials can be 
high. F 1 shows a tensile bar and several high 
trength parts of high densit on and high density 
t i atte fabrication by double pre rn ind double 
rite ! techniques together witl milar parts after 

The tern ntered metal 1 i“ broad ; the term 


etal. Most wrought compositions can be duplicated 
thie nterir proc Material specifications have 
written often by private ndu 
ome of the higher trength materia are relativel 
15.000 to 
] 0.000 psi higt 

ary for both designer and fabricator to work to 


lefinite and close material pecificatior 


Product testing in pilot plants 
is important. 


Selection of material tor a pet fic nigti trengtn 
pplication hould be preceded by a definite program 
of prod ict testi If the huape ofa ven part rel 
itivels mple and doe not present a tool prob- 
er test parts can be mact ned from blank which 
have previously been pressed and sintered to giver 

ite i pet ficat " 

If a it not mple tn i 
to ae n production tooling and fabricate parts fe 

‘ esti na pil production ba \ labo 


YOR high strength ntered parts, density ind re 
‘ } } 
iltant pl property enera ‘ er 


SINTERED METAL GEAR TOOLING 


cnoss section 


‘ 


ae} 
esecrion 


Fig 1—Tensile bar and high strength parts made of high 
density iron and high density brass, fabricated by double Fig. 2—Separate motions or components of tooling are nec 
pressing and double sintering Bars have been twisted as a essary to produce @ simple gear with hub of uniform strength 


ductility test 


and density 


Fig 3—Production tooling for high density iron armature 
pivot plate. Shown are tungsten carbide die and core rod 
high speed steel upper and lower punch, and parts produced 


Fig. 4 (Right)—The effect of powder particle size on green 
compact density made it necessary to institute a performance 


test for raw material acceptance 


the hub section must then be re 

tance of 14% in. during the fill por 

The web section will retract only 
motions must be provided 

' thickne A single cavity bot 

Tooling design must provide for tom punch 1 practical if a part of uniform den 
t r strength is to be made. of the pressed 


uniform density. 
y compact is accomplished by simultaneous mo ement 


of the bottom punche u hown in F 


The 


High compacting pressures 


are required. 
High sts thy ¥ the instance 


filtra npacting pre 
» tons per sq in 
ini} of high 


thu tool ale ub 


(_ompat 
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Pherefore, itt 
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tions must provide for uniform density and strength - 
throughout the part. This means basicall eparate ne 
i Pig 
tep, in a part in the direction of pressin = 
For example, consider the tnstance of a mople . 

vear with a hub, as shown in the sketch, Fig. 2, with fain i 

i tooth thickme of 0.25 in. and a hub thickne of a 

0.50 u lo obtain uniform density and material z 

properties throughout the finished part, It Is nece a 

ary to compact both zones b comparable olume : ee a) 

uty \ iming a volume pressing compacting ject to high abrasive force usually 

337 


1400°F 1500°F 1600°F 


Fig 5 (Left)—-Continued dimensional and green density 
checking at the press are necessary in production 


Fig. 6 ‘Above Effect of varying sintering temperatures and 
time for an alloy brass powder compacted at several pressures 


then sintered 
itmosphere and tem 


pi 
When high 


i 


been found nece 
humidit 
aureus if con 


Strict control of metal powders ct : are to be maint: 
must be maintained. 


Sintering variables need close control. 


Whether the 


Variable 
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ho ron armature pivot plate powde 4 shows the effect of parti le ze vari 
The die insert and core rod are tunysten carbide pre ingg pre ires are used, and when 
hips trength part becutuse of their funetion a elatively mall parts are compressed to nea 100 
‘ miponents of intricat tructural mechanism pet density by the use of comparatively fragile tool 
we often de ed with close dimensional toleranes (ofter with large mechanical presse employing 
ome purt ie not uncommaor Some fixed strokes), uniformity of fill or untformiuty of 
fim be obtaimmed finished nad powder weight entering the die cavit from part to 
it cothye meu ed and heat treated without t ussume reat importance 
ibsequent ope tio It ha ary to maintain controlled 
and cor powdel toraue 
tant flow and filling cha 
i ned in production opera 
ontrol results in variance 
ct wteristics during periods of higt 
in) variable with pecif humidit a opposed ty pe iod of low humidity 
na mut ferent iv ntinuin ize and mixit time must also be controlled 
Through the ind nteri Opera n order to insure uniformit Mixing controls must 
‘ ’ and tina endit vith the testin { ntered flen be varied from one type of equipment to an 
part tate contre net common to ther. Continued dimensional and een density 
trenguy | vder metal fabrication checking by the operator at the pre Fis ) are 
Because { thy niluence of the powce ible alr particul lv nece to the ful production of 
compact rite ! characte! ti high strer th part 
found neces nstitute a perfor ince test fe 
chemist ich a test ised by several membe f Eee: furnace be a hand pusher type or 
the indust lt ich test a powde mpl com automatic. control of inter ‘ byle cannot he 
pacted in a die of specifi without additior at ve emphasized, ich a rite Lirne 


Fig 7 ‘Above 
of sintered bronze; the poor alloying of this bronze is the re 


Micrograph of a commercially produced part 


sult of lack of control of sintering variables 


Fig 8 (‘Upper right)—Alloying of a properly sintered, high 
density bronze part The microstructure 1s scarcely dis 


tinguishable from that of a good wrought 90 10 bronze 


Fig 9 (Right 
same tools 


Three bronze pillow blocks produced from the 
Variance resulted from changing both mixing 
and sintering conditions 


temperature, and furnace atmosphere can determine 
the difference between production of uniform, h h 

rts to close dimensions and production of 
nonuniform, inferior part 


conditions can result in a ten 


f 30,000 psi as compared to 14,500 p 


optimum sintering conditions. Fig. 6 
intering temperature 
powde! compacted ul 

7 “a micro} raph ofa pec! 
from a commercially produced part 


control of sintering riabd almost 


wcurred, Fig. 8 alloying 
red, high density bronze part; the 


hable from that 


Quality control must be based 
on sound sampling. 


hye cect ful comme 


equipment have heretotor li litth: use in 
itered metal I i of relativel 

material resultant unreha 

hardmne equipment 

A modern ntered tual labo 


cul laboratory 


Application of high strength metal 
techniques is resulting in an extension 
of the powdered metal industry. 


peration 
conventional ma 
th lend them 
it ha 

purt 
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Rise 
testing 
the test 
h 
high po 
bility « 
Optimum si has the 
for le thar 
hows the eff a 
and time for 
men of bronze 
jue to lack of ie 
Many parts of high density copper, bra Won 
no alloyin ha 
factorily if fabricated trom the low strength porou 
microstructure 1 carcely distingu > 
of a good wrought 90-10 bronze 
t should be emphasized tha ntered metal proc mo 
W to « or ontrol. fk 1OW 
With regard to dimensional cont: Fis sh are unique in that th 
hree bronze pillow block prod qd trot he imme fron iw mate il to fir hed part vith 4 minimum ee 
Is; t middle part re. Variance in size 
tool he middle part is at di iianee number of tep I manufa 
of the othe two part ie jited trom chan rit both “ 
they take much of the if from 
mixing and sintering condition 
chining department tnd finall 
elves to the concept of automati 7 
pot ple te fil qual 
to close dimensional tolerances the future of sin Pe 
tered metal product ndeed bright Be: 
Finally, application of intered metal processes are in the initial stage 
trength intered metal technique require la owth cycle. The Nill become inte ated as 
juality control on a sound statistical basis. Dimen tof eve complete manufacturing organization s 
mal checkil density determination crusning [hie may well ¢ ntuall rank With o1 
trength hardne jetermination ind chemical ! thie mii method ich as casting 
analyse of finished part hould be « ely con ind fe i! aS a prot f manufacturing higt wi 
trolled Superhcial hardne and microhardne trength part 


Ferromanganese 


: by J J Burke 


lie pu ied 


Ferromanga 
la grade 


Vari dy ha ree 


Conon ‘ freatment oft 


rotot plant. at N aqara Fall 


(‘anada. is operated hy frateque 
di Veta lurgieal and Chem 


td and prom ‘ ‘ 


Pere 
‘ and ron trom ore 


aqe or j 1? to 13 pet Mn and 15 


possibility bec: 
i heat lo 
0 prod ice the 


benehcration 


Economic Comparison of Processes for Producing FeMn 


Blast Standard Udy Process 


Furnace Electric Furnace High Grade New Bruns 
Method Method Ore wick Ore 


Total cost per ton FeMn 


MA 


Gross profit 
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I! that the proce ter equal brought into the realm of 
jilted? thie production of othe roailo fre fy concept proce it 
A ore particular ferrochrore Product tintuou proce curried out 
ed mud Viste | r to acid eacnings where Liat unm ip raded } 
for alumina and titania Die applica lesired product, thus eliminating costly _ 
tian All of these and po bl ore applications are roe ‘ 
Pe $185 $196 $189 $174 
‘ = $245 $245 $245 
; $ 60 $ 49 $ 56 $131 


From Low-Grade Ores 


Strategic and economic considerations point to success 
of new process 


ORE 
rhe strategic advantage of being able to produce STOCK PILE 
ferromanganese from abundant, low-grade Canadian 


re rather than having to depend on high rade 


imported ore is obviou The economic of such 


roduction appear to be even more encouraging 


Reported costs of the Udy proce and the standard R 

process¢ for producing ferromanganese are sum 

marized in the table It should be noted that the 

proce can also use high-grade ores on a compet! 

tive busi The second table vives a detailed break 

down of the $174 cost figure of the Udy proce my _ wm . 
The key factor production of tron as a byproduct 

and use of low cost ore promise an even greate! are 46 VERBA 

advantage when the company full seale plant | —; 


completed at Woodstock, N. B. Hard by the com 
pany ore reserves of some 250 million tons, the it { 


new plant will have an annual capacity of 75,000 


tons of ferromanganese and 75,000 tons of ingot ‘ Leese o 

ron. Power cost at the Woodstock site is not antici NG so en - os 

pated as a problem, nor is transportation of product nVERTER? 
from the plant. Hydro and steam power should be ——n i! eee] COA 

avallable at about 7 mils by the time the plant poe CON : 


nto production. Woodstock is 160 miles by rail from 
st. John, N. B., an all year, deep-water port. Open 


ing of the St. Lawrence Seaway will provide ready 


acct to all major U.S. steel center 


The process: selective reduction with heat economy 


The flow sheet used in the prototype plant 
hown in Fig. |. New Brunswick ores are of two 
type Red, containing 1 


3.9 pet Mn and 20 pet ke Hy! 


and Gray, containing 12 pet Mn and 15 pct he The 


Red ores go through a preliminary flotation step to ap ae 
remove silicious material. They are charged into the | | 
rotating, oil-fired kiln in equal parts, together with wa 
A 
{O0 Ib of limestone added to each ton of ore The 
Kil! erve to remove chemically combined watet 


and to give a uniform charge to the reverb at about 

1000 C. Weight loss on ignition is about 13 pet. The Fig 1—Flowsheet of the prototype plant at Niagara Falls, 

lischarge from the kiln, with tron almost entirely Ontario 

n the form of FeO, goes into two insulated hoppe: 

bucket hown in Fig. 2. These are used to keep the 

kiln product hot while transfering to the reverb eduction, described below, might well make thi 

Eventually, the kiln will discharge directly into the innecessary in the full scale plant. The reverb in 

everb, with the hot ises from the reverb servin the prototype plant has oi] burners mounted on two 

to preheat the charge ade and located under the charging hole im the 
A reverbatory furnace was chosen for melting 1 oof. Any Fe,O, left is here reduced to FeO bia 

conserve electric powet Phe bonu power in the n the reverb is held at a base:acid ratio of 1:1 
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ost Break down of Udy Process with New Brunswick Ore 


Quantity t nit Cost Per 
Ver Ton Price Ton 


me @ Heducing Agen 


hot 


eliminates 
of 


Fig 3—Speciatly designed electric furnace 
the electrodes which cause vaporization 


kiln ‘upper left) discharges 
spots around 


The rotating, orl tired 
designed to reduce 
manganese 


two hopper buckets which are 


Fig 2 
the charge 1s transferred to the 


these 


reverb 


heat loss while 


lead to the kiln eb 


t clectris 


furnace 


the firs 


addition 


thie 


luced 


! 


puality of iron pre 
id and third electric furnaces 
less Addition 


is, an 


Work in th 
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te perature i400) and there ibout the operation is the mali amount of power nece 
the thie f t electric furnace to effect the reduction Addition of reducing 
It to mote that: fluxat materials have igents at th point cuuse what seems to be an 
ip to th proint ‘ cept thi exothermie eaction (which might Violent 
‘ “ure chaunve in the reaction rates) Th hone power 
In EEE MEE. thie terperature of caused the total power consumption for the proce 
hier it estored to bettors educu to be considerably lower than the original estimate 
ent e added The furnace de miilar t bappin the ron leave uw large volume of lu 
howl Dhere vhich contain 16 to 1% pet Min ind 3 pet Phi 
tinge to th nd tl erhaps ‘ n effect, a high ade munganese ore lo 
thie mivthoue else vice the ke to the Ud volume from the original kiln charge ts 26 pet at 
neept | nventior furnace practice, the ele th point. The base to acid ratio of the slag is raised 
‘ mmersed to a depth fou ind 5 ft is to 15:1 with ot 
thet « ha ‘ ite unde hie on, t tof the f t electric Turnace 
the electrode md Cuuse ‘ hot spot vhere mat ntain pet (due tol h phosphoru n Brun 
imese i ‘ ‘ «© temperature control is thu vick ores), 1 to 2 pet C, and 0.1 pet Mn. If thi 
chit! Ir the tern ‘ treated in u basic converte with en to emove 
ntroduced. and after it | me to temperature the phos] 
rie « t with the melt and rit ithor predicated on the t 
with cl ‘ tier The elect f coul and lime or silica in the second furnace will 
‘ ‘ ned y tive luce eithe ul hecarbon te manvunese ¢ 
irface the pre ire keer thes fe silicon-manganese. Fe osilicon-manganese can 
from actua be vetted. In this manne { « charged into the third furnace with slag from the 
bile ‘ Thi three it | witha loo ¢ { t furnace to produce either mediut or carbo 
{ the elt nt of fe nese. thus eli omat inese, Natural iddition f carbonaceou 
rate thie } rhe The rmiatte ite kept to aminimun ut tr 
ae ht of the fluxe nthe melt keey the melt awa Should the proce prove a icct ful I full 
thy thy furnace there! educi productior i t appea nthe totvpe nt. and 
‘ thye ef t Ve equali Vel lapted to the proce 
In tl furnace ist enough « lded ‘ f ade ore othe ferroall t wi 
ent i trie ) hict ett jul wed Nave a tron impact or the nm rit and 
the beott suse: thee tit te fuction of these lucts abundant domesti 
\ te ‘ ture maint ned iIpplie which i} int have been e 
throughout. The su eature of tl tage of rik infeasible to worl 


Cobalt Pressure Leaching and Reduction 


At Garfield 


by J. S. Mitchell 


Cobalt recovery from arsenical concentrates by pressure 
leaching and reduction involves special methods and operat- 
ing problems. Principal steps in the process are auto-oxidation 
acid leaching under pressure, filtration of the tailings, purifi- 
cation of the solution, hydrogen reduction of the ammoniacal 
solution, and melting in an electric arc furnace to remove 
sulfur and granulate the metal. 


XTRACTING cobalt n al fron 

ha presented a major metallurgical proble 
iring the Blackbird 
n 1943 Calera Mining Ce 
olve tt problem 
rimentation pilotiu 

involving 

followed by leachin 


balt metal fron thie 


liventl 

emical Co 
r considerable imp! ‘ he omplex f ation of the ore at the mine 
and better recover t od wu cobalt con ntri jit treated at the 
cheme, in ite of j net cor f wear Garfield, Utal ind a cop 


niloted I trate hipped to custon 


Analysis o oncentrate Arriving at Gartield Retimery Pet 


Concentrate 


ner 


J S MITCHELL is Plant Manager at the Gartield Refinery of dividu hins pendit bhseq nt blendir 
Calera Mining Co, Garfield, Utah trod on to ti olan ter Fach cat 


MARCH 1957, JOURNAL OF METALS 


= 
| thiis tinrne t had been demonstrated that an apreed 
4 production ite could be obtained vith ceptable 
fe ecovel and cost tactol 
re In Decermbe 1955 Calera reassumed operation of 
at the plant, and since that date t has operated sati a 
( factoril effort improve proc ure con 
ha tinuin cul lowered con derabl parti 
thi i through continued mechanical tmprovement which 
chemical eparation Of ! hoped, wil eutl lowe maintenance costs on 
hquotr Howe ‘ before } bear thre } } pire ire Variou 
tarted Cale i! int 
vhich Nid ponsored 
Cor and appeared to off 
tion, lower operatin cost 
Ve 
was decided to adopt tl 
that it had not beer: 
For various reason vhich need not be liscussed 
here developi the proce presented more diff — by 
ilties than were anticipated. Calera struggled with eee ae 
t? tuation for more than a veat olving mat of a 
the more erious problet and produciu il Col 
tantial amount of meta but it also became ot ou 4 7 - 
that more equipment would have to be installed and r- ‘a 
i ic? ‘ od co | mecnante | iu ‘ 
bole 
nroce development would he equired before 
commercial rate of production could be ¢ pected 
Cor cle n these cumstances Chemico a eed te 
ment. ar luri hig neriod of oneration (ne in railroad boxca approximate -tor 
ot mate ul freer thie arith 
two years) real progre was made By the end of lo 
and ut 
fe 
load 
343 


to ac quiring 


unde! deve 


took 


alve 


olved \ ri iw condition 


ion and wt an rvice life wa 


month 
ft con 
considerable 
critical part 
icated localls 
had been d 
went into the 
importance 
More recentl 
carbides have shown 
Filtration and Solution Purification: Acid 
the oxidation autoclave 
addition of lime 
precaution nece 
lor of cobalt 
ound would rest 
ubsequet 
operation 


Filter 
convention: 
drums and 
all drum 
the 1 procedure 
and displacement wa 
Dilution of the 
cobalt concentra 
reduction operation 
purification of the proce 
remove the residual iron (that amount 
in the toichiometric require 
form iron-arsenate in the oxidation auto 
ic, and copper. The tron ana 
oved conventionally by addition hydrated 
lime. anhydrous ammonia, and air. Th proce 
a batch operation, cart ed out in stean heated ul 
ber-lined tank Proper aeration and nperature 
roximatel 140 F are cons! essential 
ive procedure produces a re 
de, and minor amount 
ulting lurry is filtered on precoated drut 
filtes to vive an iron and 
esidue is reeyeled to the 
contain appreciable cobalt 
advanced toa ub equent batct proce 
copper is removed by imple cementatior 
powder! 
The cementation step produced 
acceptable t 
Va nece ar’ roauce 
amounts of cobalt powder produced 
coppe cement sludge thi ! appreciable 


rned, t? cobalt Th ! ! ‘ Dp. a 
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siritaa t dentit ip to the t e it is charged tuining the proce was another matter. During earl 
¢ neentrate x tan lave of de velopment man difficultie were encoun 
fon the ba f arsenic and n content the cor tered in mechanical operation of the oxidatior iuts 
ile biended sc Tile ut clave Gasket and valve failure Were frequent ana 
ite 20 A OO Fe 1} i! mit tant packil life of the agitator haft was of snort dura 
haet chieving optimum chemist n the ox tion. Prior EM titanium bolts and fasten 
ition autoclave (at the time HEE lopment, with siow delive ) 
neentrate epu ped vill Nate tne a tutor iImpe ller fell off at the rate of ome poe 
filtate 4 of uo to a pulp densit f 1250 to week At th point it might be mentioned that 
pproximat 25 to 27 pet solid corrosion re tance of even the best staini 
I il practical purposes the ibsequent hand against the hot slurry is almost nil 
iu vitt conventiona Gas let-down from the ve (operatin pre ure 
mic) equip} rit Wher i to atmo pheri | toll in variou alle valve 
transferred from the initial repulpit tanks to sto ptainle ter fittis ind fasten liter 
fe, rt re erpou ope atin proble de 
have been encountered re r 
Oxidation: T) operation carried out in a hor all ur 
ontal pre ire exsel 40 ft lor ind 6 ft in dia eloped 
brie ol ten if} ‘ wddit iit 
f type S16 stale teel In addition to the clad taniun 
thie essel has a 12-Ib lead ind acid is d 
‘ nin iff tre ed 
feuture notalled at the time the first acid brich iheor 
! Nit eplaced afte ip} ite thires eu 
pectin cot thie ia ifte thie hurry 
ine the nitial acid t ek lini evealed that ub 
I} itoclave d led int equal part oxide 
ant wid) brick wall with erflow we ts lo 
the | flow fro ore 
partment to the othe Fach compartment cor lterin 
m avitator mecha ter pore det 
‘ tien re on e ulso made te purpe a 
each artment 
onoont ate rt te thie oor 
trent t means of Manton-CGaulin h pre ine 
motive displacement purmy The nal pumy 
vere of the triple po type evere abrasiot 
‘ on estulted n extreme! 
ranee ¢ t consequentl theese init vere replaced 
with Mantan-Gaulin Hydre pumy These newl 
eloped ! draulhe di placer ent pumy ute vil 
ervice at tl 
f concentrate olution ana 
ecveled proc lurrie ind the discharve of the 
il continuous operatiol itin 
ove controlled by a Gagetron 
chemical reaction 1 exotherm educin 
lations contamit ee acid, cobalt 
and Cop pet i ilfate and 
f arsenu olution, also tron-arsenate 
mid ulfate a in insoluble residue Cpe 
i? iting pre es are aintained at over 500 4 ind 
ter if ! thy cor pial trnent cite ove 
» 
i from the autoclave ( or feficient a 
thy trnosphere er ut itior fron the 
compre ed a ntroduced to the eaucto approx 
ates 60 pet 
C)xidat proce olut ‘ 97 pet of the 
eobult lloweve there i of oluble 
cobalt ry the ibsequent filt te} 
lo the uninitiated, the proce explained thus fa 
‘ 


well as a copper cement that was not marketable 


However, a proce has now been developed wheret 
these cement nave been retreated vielding the 
copper and cobalt a eparate pro juct 

Hydrogen Reduction: The reduction step is a 
batch proce carried out in vertical autoclaves ot 
approximately 450-gal capacity. These vessels ar 
fitted with agitators, hydrogen sparge! and stean 
ail ket 

The purified solution produced in the previously 
mentioned step now ready for the reduction 
proce Anhydrou ammonia |} added In controlled 
amounts to produce a complex cobalt ammune The 


esulting solution is pumped into the reductiot 


autoclaves, and heated to about 375 °F; compressed 
hydrogen is admitted, and in the presence of a cata 
lyst, the cobalt reduced to a fine metal powdet 
rey in color with an apparent density of 4 to 9 


Total operating pressure is 750 to 800 4 


An operatin evele consists of a seed run and 


everal densification In the eed run formation of 
the metal powder a result of the catalyst, whict 
produce a fine metal powder In the equent 


it 
iensification runs the powder from the seed run act 


the nucleus to produce powder of increased pai 


ticle size and density, depending on the number of 
ce nh ification 

From an operatin tandpoint the mechani if 
the aseous reduction phase appear to be mpl 
It might be said that the combination of pregnant 
olution, catalyst, and a controlled hydrogen atmo 
phere produces cobalt powder. Thi all very well 
but it doe not account for the con derable per 
centage of cobalt metal that ends up as a dense 
metallic plating on the interior surfaces of the re 
duction autoclave Extensive research in the field 
of agitation. catalysts, and chemical composition of 
workin olutions resulted in decreased amounts of 
this plating: however, the condition continue to 
exist 

When these deposits were first encountered the 
were removed by manually chippin vith pneu 
matic hammers. This was costly, laborious, and time 


consuming. However, this method was the onl 
tical way that could be used at the time. Reduce 


tion capacity was limited to four autoclave and 
down time had to be minimized In the interim 


additional autoclaves were acquired which provided 
increased capacity, making feasible the development 
of an acid leach for removing plated deposit 

To add to the problem, removing the deposit b 
chipping produced a platy product (several thousand 
pounds per vessel) that required con iderable treat 
ment before it could be recycled to the plant flow 
A technique has now been developed whereby the 
naterial has been converted to a marketable product 

A further problem encountered the reductiot 


tep wa the 1 roduction of cobalt me tal powder that 


contained exce ve sulfur impurity. Thi ulfur 
present as entrapped gypsun particles and to sore 
extent as contained ammoniun ilfate The latte 
can be removed in part Db ucet ve displacement 
vater washes and subsequent decantation or filt 
tion 

Initial proce design had called for calcining the 
powder in a hydrogen atmosphere followed by con 
pacting in a conventional pelletizing pre Since the 
powder did not meet sulfur specifications, a further: 
efinin tep became necessal before a saleable 
final product could be produced. Tt probler Niu 


‘he fact that the gaseous reduction step did not 


produce complete conversion of the cobalt content 
of the feed solutions to metallic powder presented 
another unexpected problem, with accompanying 
lo of metal. Conversion ts in the ne ighborhood of 
97 to 98 pet. It was also discovered that some re 
dissolution is experienced if the metal powder | 
allowed to remain in contact with the reduction end 
liquor Consequently these liquors and wash wate! 
are now treated with ammonium or sodium sulfide 
to produce a cobalt sulfide precipitate which 1 
filtered out, and subsequently returned to the oxida 
tion step 

Added to the above mentioned proce problem 
were mechanical weakness Agitator mechanism 
were a recurring source of operating delay, partly 
because of repeated failure of packing gland Di 


charge valve also failed frequently as a re ult of 


ero 
lu 
Ga 


tei 


re 
en 
the 


Cal 


the 


per 
col 


ion experienced in handling the powdered metal 
rev while taking a pressure drop of some 800 psi 
ket failures were an everyday experience 
nitially the autoclaves were fitted with inte rnal 
im coil These coils often failed at the weld 
ulting in contamination of condensate and pre 
tine further difficulties in the steam plant. Even 
operation of a relatively simple steam trap bee 
ne a problem when cobalt bearing solutions found 
r way into the ystem. However, during then 
iod of operation, Chemico replaced the heating 
le with external steam jacket which have elim 


ted this particular problem 


Are Furnace: The powdered metal produced in 


the 
ul 
tro 


reduction step contains on the average 0 15 pet 
fur. This material is charged into a size @ "Lac 


melt furnace and melted down in the presence of 


a high lime slag. Minor amounts of coke are added 


ame 
chi 
dr 
thi 
pre 
int 
ari 


cal 


pit 


pa 


i some pig aluminum for degassing the metal 1 
irged just prior to the pout 
‘ours are made as soon as a sulfur analysis in 
ates that the metal is within specification ib 
time the bath has reached a temperature of ap 
ximately 2800°F. The molten metal is poured 
o a pit of water to form vranule Temperature 
i rate of pour have a decided effect on the physi 
characteristics of the final product. The pranule 
collected in a basket suspended in the pouring 
Subsequently, the are dried, polished, and 


ked in steel containers for hipment 


Analysis of Final Products, Pct 


Cob os 
N we w 
2 
Summary 
As the first such plant of its kind to be put into 
production, Garfield refines had many new and 
difficult problen In a period of three and a half 


ears many of these have been olved, while other 


till await a proper solution 

Development work continues In an effort to sim 
plify various phases of the proce At this time 
much is being done toward replacing batch opera 


ns with continuous flow. It is firmly belheved that 


the remaining problem related to continuity of 

operation can be solved in the near future, with 
ier improvement i! very and cost 
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nst tion of an are turnace a 
oived ne il aliation : 
: 


woveame 
FLECTRORICAL LET 


Fig 1—-Diagram of the completed solar furnace installation 
at the Kennecott Research Center Temperatures of over 
3000°K have been achieved 


Fig. 2—-Solar furnace was made of 60 in searchlight Sun's 
rays are reflected from 7x7-#t helostat at left to fixed 5x7 
mirror at base of parabolic reflector at right 


Fig. 3—The manually controlled vertical blind 1s used tor 
controlling the temperature in the furnace One slat has 
been left out of the center for purposes of focusing and 


photocell control operation 


Fig 4 The sample chamber, with oa Pyrex cylinder and 
track mounting, allows zone refining experiments to be con 
ducted in protective atmospheres The machined carbon 


Fig 4 block inside the cylinder supports the sample 
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Tuddenham 


by W.M 


Research Uses Solar Furnace 


A’ Kennecott Research Center in Salt Lake Cit) 
au solar energy furnace recently has been built 
for the purpose of conducting research in the field 
f nonfer metallurgy. The principal objective 
tf the research center are 


1) to develop techniques for increasing 


cove! of copper and other miner: 
Kennecott operatin propertie 
method f recovering 
oduct 
Exploration Dept 
metal 
ostly method 
and 
rehned Coppet 


pyrore 


The 


W M_ TUDDENHAM is with the Research Center, Kennecott 
Copper Corp, Salt Lake City. This paper was presented at the 
Solar Furnace Symposium of the Association for Applied Solar En 
energy, Phoenix, Ariz, January 1957. Proceedings of the conference 
will appear in the Journal of Solar Energy Science and Engineering 


as to avoid contamination from the containe: 

aus also of interest. One of the most appealing fea 
tures of the solar furnace as a research tool was it 
upparent adaptability to problems of many different 
type kos hown thi 


adapt 
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th rhodium plat haracterists automatic control, A hown in Fi the center 
ru Ly pe f search ht reflect ir ized nd side of the unit were left open in order to assure 
font eas f continued operation of the photocells. This arrange 
ment also functions as a focusing aid when the blind 
ed 
iccessfully 
U) this is mot possible 
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bheoretical imave dian furthe necessary to provide a mean passing 
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mounting use rex cylinder set upon 
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furnace efheren It is worthy of mention that these ig. 4 
oneal peakir suite lhe 
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mating tubes mounted vertically at the periph into operation, that the heliostat was causing a con 
the parabone mirror The cireuit oO arranged iderable amount of aberration because of misaligi 
wimuth motor drive intight trike ment of the individual miurrot It ha iso been 
the azimuth control photocell, In the mornin the observed that a more rigid frame for ipporting the 
, elevation drive works In a similar manne Durin heliostat is desirable so as to minimize the effect of 
thre iflecrtien howeve thre tiew I ‘ ‘ ed and vind Plan ire underway at least partiall to cor 
the motor drives until the suntignt no longer strike ect these difficultie 
the ete ition contre photocell hift mm In addition to Kennecott research interest 
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. COM pes ited fo the mount have a full chedule for many mny lu to come 
nt Dhe correction ¢ or fe this control unit 
is of the order of +1 of are. A manual circuit | Bibliography 
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Powder Metallurgy Symposium —1956 


Dispersed Hard Particle Strengthening of Metals 


A review is presented of the various methods utilized to strengthen metals and alloys 
for high temperature service by a suitable dispersion of finely divided hard particles 
Alloys such as SAP, produced by powder metallurgy, and other sintered aluminum powders, 
molybdenum containing small quantities of refractory oxides and magnesium containing 
a dispersed intermetallic, are considered. Internal oxidation and other methods of achiev 
ing a hard particle dispersion are discussed. New data on the high temperature strength 
and stability of the alloy systems Cu-Al.O,, Ni-Al.O, and Be-Be.C are shown. The theo 
retical aspects of the hardening and strengthening mechanism are presented and consid 
eration is given to the problems associated with the powder metallurgy of the various 
processes 


by Nicholas J. Grant and Oliver Preston 


P' BLICATION of data by Irmann’ indicating out 
tanding thermal stability and elevated-tempera- 
ture trength properti in a sintered aluminum 
der product (SAP) imulated interest in the 
trengthening of metal means of a highly dis- 

ed oxide phase 
Thi aterial was produced by compacting, sin 
ing and extruding a fine flake aluminum powder, 
in a dense product containing 10 to 16 
alumina, which arises from the thin 
the starting powder, highly dispersed 
pure aluminum. The method of pro 
SAP, and the stable high-temperature prop 
obtained from it, introduced the possibility 
veloping iperior materials for high-tempera 

powder metallurgy method 


g08) , he materials of thi type Fig. |—Tensile strength at room temperature after exposure 


ently inder consideration 1 pre of 100 hr at temperature for SAP and | hr for 185 Tél 
tly metallic, containing from le than 1 pet 
about 20 volume pet of the oxide. As a result, 


the oxide-pure metal systems at the lower tempera 
propertie f these material uch as elec- 

tures are substantially le than the best attainable 

| and thermal conductivity, thermal shock re 

in the aging systems, the thermal instabilities in the 

ance and to a certain Ktent ductility, notch . 

latter make them of le value for use at tempera 

nachinability working prop 

matell ture much above their optimum aging temperature 

indicated in Fig. 1. While the means of obtaining 

‘ therefore a com i tl 

an oxide dispersion are more difheult ane 

do the cermets, but 

than conventional aging proce e in the light of the 
modifying the prop 


1 thi ens¢ SAP type 


us to the alloy aging 


is vet limited understanding of ich there 

considerable promise of improved high tempera 
‘ ture properties arising from the thermal stability of 
properties realized in 

N J. GRANT, Member AIME, is Associate Professor, and Since the development of SAP in 1946, its prop 
O PRESTON is Research Assistant, Department of Metallurgy, erties and the properties of 4 series of similarAlLO 
Massachusetts Institute of Technology, Cambridge, Mass Al products containing from about 1 to 20 pet alumi 

TP 4400E Manuscript, May 7, 1956 New York Meeting, Feb 
ruary 1956 


num oxide have been fairly extensively studied and 


eported Particular attention has been given to 
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Log stress ws log rupture life for various 
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comparison with the wrought powder products. 

reep-rupture’ and fatipue tempera 
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immarizes the results of 
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creep-rupture te four 
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of the it? i 
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there 
metal useful engineerin resses but there 
vement in rupture life (and 
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ually flat 
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the curve of Fy 2 for the 


tempe 
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ent is for material 
1000 F 
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Not only i 


mall 


Results of Some Preliminary Studies 


pect to the problem of obtaining the oxide 
hly di lost of the 
idered depend primarily on the techniques 


persed form, n methods 
The most direct method em- 


the desired 


wder metallurgy 
imple mechanical mixing of 
ies of the oxide and metal powders, by eithe: 
wet ball followed by 


extruding a in the 


compat ting 
the Ai- 


milling 
ing and case of 

mechanical method 


ipplicability ol miixinyp 


illustrated in Fig. 3 
volume pet alumina alloy. Fig. 3, a 
the 350° and 
urves for the copper-alumina product in com- 
on to the 350°C 


produce oxide-metal alloys | 
COppel 10 


rupture life plot, show 
curve for wrought pure copper 
-alumina product stronger at 
than $50 C, but the 
es for the powder product are extremely and 

tically (for this type of alloy) flat. The flat 
use for the Al-Al.O in Fig 
the thermal stability of truc- 


the Coppel 


50 CC pure copper at lopes of 


alloy 
the 
C 

1000 
four 
and is still 
(at 450°C) 
350°C and 
olume) of 
time 


comparison is made of the stre for a 
ture life, the 


pure 
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100 C higher 

comparison at 
pet (\ 


Coppel 
Oni} i 

i trong 
time 
ture of 10 
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the wdmix 
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1000 hi 
life 


in pite of an a yet 


pure 


O.05 ht 


Coppel 


mm about to about approximately 


20.000) time increase In 
unde! 


elevated 


incompletely 
trength at 


achieved 


large gains in 
have been 
the 
ame product 
performed on 


Cu-10 ALO, 


vain also achieved in room 
yield strength with thi 


the result of test 


copper and on the pet 


ating of the Cu-10 pet ALO, alloy to 800°C re- 


the as- 
the 


mall loss of hardne ovel 


condition 


ulted in only a 
Ktruded 


esult 


augain in agreement with 
the Al-ALO 
omewhat surprising, for several 
200 mesh) wa 
no comminution obtained in 

Mixing was far from optimum 
unknown a of the art, and 
of alumina was noted 


attained with product 
results are 
Relatively 


and virtually 


coarse copper { 
Wa 
cing operation 


of the many pect 


ivnificant segregation 


Fig. 3—-Log stress vs log rup 
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per at 350°C and for Cu-10 
volume pct Al.O, at 350° and 
450°C 
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‘raighead and Jatfee’ have recently 


molybdenum powder! 
decomposition 


light oxide addi- 
the room temperature 


found to have a marked effect 


bdenum that the pre mall quantitie 


Yield Strength and Ductility of Copper and Cu-Al.O 


with thoriated tung 


xidation of powder 


reported high creep 
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Fig. 4—Longitudinal section of extruded Cu-10 volume pct 
Al.O. alloy Note Al.O, segregation and regions of coarse 
copper powders Etched with potassium dichromate etch 
X500. Reduced approximately 20 pct for reproduction 


crystalline samples of a Cu-0.05 pet Al alloy in 
ternally oxidized at 850° and 900 C. Much of thi 
improvement was retained after an annealing treat 
ment at 1000 C, a hown in Fig. 6. It was further 
noted, Fig 7, that the creep resistance increased 
with decreasing temperature of the internal oxida 
tion treatment. The mean size of alumina particle 
produced by internal oxidation at both 650° and 
900 C was estimated to be 500A. Smith and Grepory 
have recently studied the tensile properties of inter 
nally oxidized silver alloys both at room tempera 
ture and at elevated temperature 

Dispersions of hard and stable phases other than 
oxide hould, of course, also receive similar ex 
tensive consideration. An interesting cause involy 
ing a dispersion of an insoluble intermetallic com 
pound by powder metallurgy means was reported 
by Busk and Leonti Powders of Mg-0.6 pet Z1 
and of the Mp-Al eutectic were mixed, followed by 
compacting, sintering and hot-working. Subsequent 
thermal treatment caused diffusion of the zirconium 
and aluminum, bringing about precipitation of a 
fine dispersion of the Al-Zr compound, which 1 
insoluble in the mapnesium matrix even above it 
melting point Yield strengths of 45,000 psi and 
tensile strengths of 50,000 psi at room temperature 
were reported for magnesium alloy produced in 
this manner. While the high-temperature propertie 
were not studied, the material howed marked re 


istaunce to grain prowth and retention of mechanical 


properties even after prolonged annealing treat 
ment Similar properts were reported by these 
iuthors on Mg-MvO materials analogous to the Al 
ALO, alloys, in spite of the use of a rather coarse 


flake magnesium powde! 

Interesting results are reported by Greenspan 
wherein pure beryllium powder was mixed with fine 
carbon, pressed, sintered and hot extruded The 
results of creep rupture tests at 1200 and 1350 
are shown in Table Il 

Be.C, which is essentially insoluble in solid bery! 


lium, is much more finely and uniformly dispersed 
than if the alloy were made by melting. The result 
in Table II show the large benefits derived from 
making the alloy by powder method In faet, the 
creep rupture strength of the powder product at 
1350° is considerably greater than that of the pure 
berryllium at 1200 °F, and once more hows the 
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in the mucrostructure ee Fig. 4. (The above results vee 
huve been taken from the more extensive work of one 
Supporting these encouraging results on alloys + 
lata recently obtained with much finer nickel pow — 
{ 10 mixed with fine alumina In tests at 
615 C (1500 F), a Ni-10 pet (volume) ALO, alloy 
nickel as that noted for the copper-alumina system INP 
namely in increase of tour to five times the stress 
for rupture in 200 hr, and a 10,000 times increase in —— 
rupture life at 815 C and 5,000 psi (0.2 hr for pure 
limitations of mixing efficiency pose the important 
problem of achieving even better alloy These re- ‘ — 
ilts are from the work of Walter Cremens of thi 
ported on the effects of dispersions of variou oxides me 
n molybdenum, obtained by powder metallurgy os 
technique These involved both mechanical mix- a 
tures of the oxide with fine 
certain nitrates and acetate significant improve- : 
ments in creep and stre -rupture properties were ‘a 
noted in some cases with only \ i 
while only slightly increasin 
tensile strength, vere 
in restricting grain growth at the higher tempera- uf 
ture It was noted during vacuum annealing of _ 
Tob |, 
Product 
Vield Strength a 
Pet Offset) 
Msiatter bLlongation Keduction 
Vroduct Nnneal, Wer Pet in Area, Pet 
t 0.200 7 
oxide ut the grain boundari continued to inhibit 
ruin growth, growth occurred only after the oxide = 
content was diminished to extremely low level.’ a 
Such cases are to be compared i - 2s, 
ten light filament in which both grain growth san 
and creep are restricted by the presence of small brs 
amounts of the oxide phase 7 
Internal offers an especially 
important means of obtaining a highly dispersed a a 
oxide phase in a metal matrix. If an alloy consist- . 
ing of a dilute solution of a base metal in a more ee, 
noble solvent metal is oxidized under suitable con- 4 
of temperature and oxygen pressure, oxygen 
diffuses into the alloy to precipitate small dispersed is 
particles of the oxide of the solute metal without af 
the formation of a surface oxide of the more noble a 
olvent metal The basic mechanism of internal 4 
oxidation o1 ibscale formation was proposed by 
Smith’ in 1930. Meijering and Druyvesteyn” showed 
that appreciable hardening could be achieved ad 
through internal oxidation in alloys of copper and of o 
ilver. De Jong” has SEE resistance ae 
n Be-Cu allo ifter internal oxidation e 
More recent work by Martin and Smith” covering ae 
both single crystals and polycrystalline solid speci “t 
mens of dilute copper alloy howed a marked im ie 
provement in creep resistance at 200°C for poly i 
6 


Fig. 5—Effects of dispersions 
of small quantities of various 

| | oxides on the creep of molyb 
denum at 1800°F 


huracteristic flat ope il i ; tre if I ipt ile \ reat deal of work has been done on prec Ipita 
me plot on hardening systems, which constitute a very im- 
It is ele that the pr bility exi f producin tunt field of alloy An extensive review of pre 
pe ol tf insoluble intermetallic « pounds it pitation hardening data was made by Geisler,” 
thine rretiallac ystems b imilar means to those who attributed the strengthening for the most part 
lescribed above or by mechanical mixing of the to the effects of coherency train et up in the 
etal and the intermetalli matrix by the precipitated particles with only a very 
Working with platinum wires produced by pow minor contribution from dispersion hardening. While 
ler metallurgy, Middleton, Pfeil and Rhode noted there is no evidence available at present to indicate 
increnuse in ree Lallization temperuture that ich coherency trains exist in the oxide-metal 
er that of the conventional cast and wrought tems, it is conceivable that strains of a similar 
; etal Vhiichy the ittributed to the presence fa lype might arise through interfacial free energy 
t 1 amount of ital dispersed p t In elationships even in the case of mechanical mix- 


oved resistance ma 


reported the powde product ol di persion hardening have been pro 
While the lid f the explanation of increased osed by Mott,” by Orowan,” and more recently by 
esistance to reer tallization imparted by the pre . = 
ence of slipht porosity has been questioned. sintering T 
able Il. Be C Extruded Powder Product 
On Copp by Alexande and Ballufl clear 


cl 
Kupture 
Life, Her 


howed that the location of rain boundars i 


tu r the mettir Material Stress, Pst 


int lo a certain extent ontrolled by the ond 


lo the blockin effect of bounda movement due 


effect of nds in th espect 
‘ i 02 


tes thre deoxidation pre lucts in killed steel] It would 1 500 455.0 
ippeaur that the tubilizir eflect vhich the void duct* 0.000 
dispersed phase exert on the grain boundarie 
an important contribution to the trengtn of 
these material it the temper ature i 2,000 09 
In fact of rain boundary migration it ane 
creep clearl ipport the mportance of hole 
ond well as of extra phise estriction 29.3 
000 


of the movement of the grain bounda bis ‘ 


inetch pit on 


thie irface j overcome 


quick traivhter it rie i lowe Hart and Pry expre inp trength “as a 

; ergy position function of particle spacing, derived from the inter- 
ction Of dislocations with the dispersed phase 

Theoretical Considerations An earlier work by Gensamer and co-workers” on 

Any system of two or more phase whether o1 i number of trons and carbon steels in various con- 


nating by a precipitation reaction, phase decomposi litions of heat treatment showed a linear relation 


tion, internal oxidation, or 4 luced | means of hip between yield strength and the logaritam of the 

mechanical mixing must be considered inde! ean Tree ferrite path between carbide particle a 

omg strengthening through dispersion hardening to hown in Fig. 9, taken from a later work by Roberts 

ome extent. The extent of strengthenir in gen Carruthers and Averbach 

eral dependent upon the nature and degree of dj \n investigation has been made relating mechan- 
properties to microstructure in Al-Al,O, alloy 


ersion 
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n of a boundary. Ones 


A typical microstructure of SAP containing 13 pet 


alumina is shown in the electron micrograph of Fig 


10 at X20,000. The 
was measured for a series of ich material 
from 1 pet to 17 pet. These value 


to 2.2 with 


pacing between oxide partic le 


covel 


ing oxide content 
(surface to surface) ranged from 0.6 
trengtn at ariou 
900 


decreasing oxide content. The 
temperatures from room temperature up 
is plotted in Fig. 11 against the 

pacing The 


reciprocal of the 
average interparticle traight line re 
lationship indicates agreement with Orowan’s theory 
of dispersion hardening in this range of interparti le 
pacings. The plot of strength vs logarithm of spa¢ 
ing in Fig. 12 does not show the straight line nece 

ary to satisfy Gensame! relationship. Using in- 
ternally oxidized Ag-0.05 pet Al 


pacing of the alumina parti les were 


} 


pecimens, In ¥ 


the size and 
varied by varying the temperature of the internal 
treatment rregory found agreement 
prediction and disagreement with 


oxidation 
with Orowan 
Gensamer’ 

On the other hand, data presented by Lenel, Back 
on Al-ALQO, alloy 
omewhat different condition ich that a more di 
tinct flake Al.O, particle results than 
10, appear to favor the Gensamer relationship 

The theoretical considerations discussed thus fa 
trength evaluations at the 


ensto and Rose prepared inde! 


hown in 


were originally based on 


lower temperatures, where plastic deformation } 
predominantly through the mechanism ol lip. At 


the higher temperature wh the usual form otf 
lip is often not apparent is absent, and the role 


grain boundaries becomes increasingly impot 


the deformation proce the emphasi 


the study of dispersion hardening must not be 


rected solely at the effect trength within 

vrains, but on the effe the dispersed phase 

trengthening and immobilizing the grain bounda)! 
No data have been published relating specifically 
this area of research, although the effectivens 
the small oxide content in the molybdenum wort 
tend to ugvest that the 
of the dispersed phase in thi 


previously discussed 
amounts and location 
case give rise to increased creep resistance, pl 
marily through interaction w grain bout 
dare 
It ha 


istance to recry 


been obsery 
related te 
how the 


as a function of oxide 


it elevated temperature 
the amount of the oxide pre 
trength of SAP type material 


temperature This cannot be 


ontent at) variou 


interpreted as indicating directly the increase 


trength with increasing oxide content 
higher oxide contents are obtained through 
of finer aluminum powders. Thus, a large pat 


trength increa nust be attrib »>the dec 


oxide spacing as previously discussed. The 


for the higher temperatures must also be inter 
with caution, since it is not possible to show 
or in Fig. 11 the effect of the higher 
maller oxide spacing in reducing th 
-rupture curves. Fig. 14 shows the 
1000 hr 


more 


tent o1 
of the tre 
benefits achievable at longer time 
ilt of increased oxide content o 
a a result of the decreased average 
pacing In this plot it 1 ilso obvi 
benefits of the fine alumina dispersion 
sreat at 900°F as at the lower temper! 
the long time tability take into ¢ 


Further observ: concerning the strength 


ition 
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of dispersion hardened 
tudies of cel 


oxide-metal systems and 
eneral may be made trom 
intered carbide In an investigation of 
carbide bonded with cobalt, Gurland and 
howed that the high strength of these 
rise from a rigid carbide skeleton 


tems inf 


met and 


did not a 
previously believed It was determined 
trength 


a had been 
cobalt bonding metal 
vreater than that of the same material in 
They pointed out that restraint of plastic 
to value 


that the howed a 


any time 


iding of a metal increases its flow stre 
roaching the fracture stre in the same manne! 
oe streneth of a soldered or brazed joint may 
values five or more times that of the bonding 
Thev also considered the effects of stresse: 
up in the cobalt bonding phase through the dif 
ferential contraction between the carbide and the 
bond during cooling from the sintering temperature 
It is possible that tresses may arise in the 
adjacent to the oxide particles in the oxide 

to the coherency strains In 


imilat 


tems, analogou 
ecipitation hardening 
il breakdown, Wood 

tallite ive 


} 


had pro 
the minimum cry which 1 
after severe deformation is of the order of 
Further fragmentation will not take place 
readily and actu will oecul It has been sug 
Fig 6—Creep of 
copper and internally 
oxidized Cu 005 pet 
Al alloy at 200°C 
and 3.1 tons per sq 
in, after Martin and 
Smith A, pure cop 
per annealed at 
850°C, B, Cu 005 
pct Al internally 
oxidized at 850°C 
C, pure copper an 
nealed at 900°C, D 
Cu 0.05 pet Al 
internally oxidized 
at 900°C £,Cu 905 
pct Al oxiaized at 
850°, then an 
nealed at 900°C; 
and F, Cu 0.05 pet 
Al oxidized at 
900°, then an 
nealed at 1000°C 


Fig. 7—-Creep of 
internally oxidized 
Cu 005 pet Al 
alloys at 200°C and 
5.12 tons per sq in, 
after Martin and 


Smith 
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Fiq 8 Restraming effect of a small indentation on the 
movement of a gram boundary during creep in pure aluminum 
at 700°F X50 Reduced approximately 15 pct tor reproduc 


tion 


deformation at 
size which 
The ultra-fine 
epresent 
tallite 
‘rrowth at 
that cold work (Cup 
the hard 
le to re 
thre pet col 
although the 
rable 


recove 


ll and | 
apolated te 
eth of 


which ts 


19.000 psi 
considet 
mneniod pure 
ied powde 


ipowdel! ize consider 


00 mesh, for example) 


ind followed by extru 
obtained a 

igh temperature 

that at the 
harden 
fragmenta 
ipproaching 10 * em 
plus the stability of 


ecaovery ind recry 


ust follow 
itlicient train 


neludinyg 


the finely di per ed 


worked powders are 
trong product. Thu 
crystallite ize, and 
strain hardening) 
t be con idered 


itrengtheniny 


354. JOURNAL OF METALS, MARCH 1957 


nt. no final decision 


important mechanism 
trengthening in the metal tem either at 


room temper ! ‘levated tempet! intil 
data become available from the fundame tude 
in progre or yet to be undertaken 
Of considerable ictical and theoret 


marked decrease 
temperatut 
<hibited by the 
Cu-AlLO, and 


na tated that 


band } 
independent o 
by 


confirmed this hy | Accord 


pacin 
and 
rimental 
1 

if for 
hould be 
»000 psi, re 
tarting 


have 
pure aluminum the ! lip band 
t tr ‘ of 


ob that 


pacing abou 


20 to pecti 
powder pet 


dimension le Al as well 


pacing of 35 to 2.2 


the ize of the alurni 


with one than » for S 
as the interparticle 
to or le thar lip ba 

With increasing ten 
difficult, 


opera 


ire equal 


for normally observable shy 


perature and the use lower stresse 
realizing the 
lip because the blocking effect 
with a iltant drop in due 
temperature 


tead of 


would therefore be ¢ 
normal 
ALO 


with increasing 


tion of 
of the 
tility 

Effort 


made by 


particle 


to utilize alloys in 


been Irmann vho 


for the usual pure 
ALO, SAP product Le 
found using aging treat 


re prorise We i i 
alloy of the 


hardenable powdet 


inum to produce a 


finite aging I 
common for the 
Howevet! as overa 


reached in 1 the 


ment 
ame composition 
temperatures were 
trength and hardne of the alloyed >’ decre: 
to the same or than those of the 


illoyved SAP product in this case above 200 C 


lower value 


Principles of Alloy Development 
Specification of the details of alloy systen 
type must await the outcome of these sam 


production of these mate! 


mental Some of the eneral principle 


erning the 


Fig 9 Stress vs log mean free ferrite path between carbide 
particles im iron and various carbon steels Circle refers to 
1070 and 10100 ferrite pearlite (1045 
Puron, and high purity tron 


spherordite square 
and 1020 


National Research) 


cross trangle 


TRANSACTIONS AIME 


At prese can be made concern- 
J 
os 
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> 
- 
7 with it tempera 
ture « a well a 
~ by the 
. tion. th rsely propo ona 
“ te the ten pe ature 
. 
ing| 
ele ature te 
ilread it approximate 10 
pure metal have 
Me ! num powde herefe = 
1 thee ipticte 
ry 
10)! 
‘ lewd thee tine 
| ! SAPD show 
hes 
ed 
oul have been i! woe 
in 
frie reve ‘ through cold 
est that) om equivalent to a 
rit feolkd vw k alread exists in the \I-ALO of thi 
! ‘ ndieated schematicall in Fup 15 funda 
thy measure of thre tored ene in the Al 
‘) ‘ idenced in k If the i ma\ 
teu fire curve ine pet 
bie t} that expected f in 
d 
Cory thee thy hand ed 
eal poet alumina 
escribed heave whicl } 
treneth and stabilit It \ 
h extrustior ite ised 
‘ the i trenypt 
structure as insured by th | 
i 
i\ everely cold 
ot a nece tv to produce a 
the fact of powde ive oo 
theoretical approach to the 
nechanisn 


Fig 


oxide 


900° F 


Stress vs reciprocal of average spacing between 


particles 
tensile strength and 0.01 hr rupture lite at 400°, 600°, and 


in AlLALO, alloys for room temperature 


Fig. 10—Electron micrograph of SAP containing 13 pct 
Al.O.. X20,000. Reduced approximately 15 pct for reproduc 
tion 


ever, be outlined at the present stage of develop 


ment 

Mott” ha uggested that the ideal material for re 
istance to creep is one of very fine grain size, with 
the grain boundaries filled with a phase which ad 
heres sufficiently strongly to the grain to inhibit the 
vrain-boundary diffusion of dislocation He pro- 


poses that this is the mechanism responsible for the 
excellent high-temperature properties in SAP. Data 
presented above, however, do not yet indicate that 
adherence between the matrix and hard phase are 
nece ary 

The most important consideration in developing 
a system of this type is the means of obtaining the 


necessary degree of dispersion of the minor phase 
The change in solid solubility with temperature 
characteristic of the precipitation hardening alloy 


would appear to offer the most convenient and effec 
tive means of accomplishing this to yield superior 
properties for room temperature and relatively low 
temperature applications. The precipitation system 
iffer overaging agglomeration and 
finally resolution, as the temperature or time Is pro 
gressively increased. The mor table phase uch 
aus the oxides, on the cther hand, are correspond 
ingly more difficult to form in the necessary state of 
dispersion. The techniques of powder metallurgy 
offer the most suitable means for obtaining a di 
persion of a stable phase 

In the problem of the production of oxide-metal 


aggregates through the use of powder metallurgy 


either by urface oxidation of the original metal 
powder, by mechanical or chemical methods of de 

position of oxide on the metal powder particle ol 
by subsequent diffusion treatment of mixed alloy 
powdel as discussed briefly above, the following 
considerations become important 1) the intrinsi« 


properties of the metal which constitutes the matrix 
2) the shape and size of the metal 
and of the hard particle, and their relationships to 


each other; 3) the type and amount of the dispersed 


powde I part cle 


phase and its properties in relation to the matrix 


metal; and 4) the steps in the production of the final 
aggregate body from the constituent powder! 


The propertie of the matrix metal are dete! 


mined to a certain extent by the temperature and 
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ition 


Fig. 12—Stress vs logarithm of average spacing between ox 
ide particles in Al Al.O, alloys for room temperature tensile 
strength and 001 hr rupture life at 400°, 600°, and 900°F 


Fig. 13 


Vironment 


apni 


Stress vs weight percent of oxide for room tempera 
ture tensile strength and 001 hr rupture life at 400°, 600°, 
and 900°F for various Al Al.O, alloys 


miu 
tallization range of the metal, its crystallo 


if y Weg 


of the anticipated service. Consider 


viven to the melting point and re 


its oxidation and corrosion resistance, 
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f segre 


Re cent 


Fig. 14—Stress for on the 
1000 hr rupture life egregable Compo vder i ompacting 
average spacing ‘ intering steps appear to b relatively mino! 
between oxide par importance, being for the mo art only nece ary 
ticles, illustrating for convenience in handling of le mi rial for the 
beneficial effects of ibsequent 
oxide dispersion for ficat 
long times at high 

temperature 


very Vverall densi- 
on of the ipacted mater! 

the i interil 
porositie ypical of the 
oped a a consequence 

considered to be the Im por yperation 
it effect on the final p! ! attained im the 
oxide-metal Along with iheation of 
the material h xtremely high 


flow of the aggregate during the ext ion Operation 


fie. 18S produces considerable rearrangement and improve 
1g 15-—Schematic 


representation of 
hardness changes 


ment or worsening in the dispersion of the minor: 
phase 
Additional! 


0 


SAP and pure 


with cold work in 


aluminum powder! cor com poset 


relatively coarse metallic powder contan 


Table Ill Hardness Changes in SAP After Cold Work and 

Anncaling 
mwwder form, and suit 
metallurgy method Condition Hardness, 
metal powder particle 
determine the depree of 
the tinal product. Since a 
indicated for the attainment 
trength, the metal powder 
Phi troduces the prob 
vder, and rather expensive finer hard particle disti 
problem which make the Work is in 
ant consideration for these metal ystem includin } if the mo 


ory metals and alloy } nickel and 
re bel 
Iq) 


ed phase must be considered 


( ind more fundamental idit i 
matrix metal For elevated-tem 


ome ten including the Al-A 
inor phase should show eithet 
or other thermal Acknowledgments 
In this respect The author are especiall { ite 


mation have been Development Cente! 


ten The deformation this type of alloy |} 


and mechanical strength paper, and ha 
influence the properti of ting alloy 
tis not vet completel 
that quantity and References 
for 
‘ rh othe igeregate vary 
The possibility of wetting 
with the matrix 
bring into con 
treatment of the di 


to enhance wetting or 


ps employed to pro 
have a marked effect on the 
obtained. After incorpora 
the materials are con 
vorked (preferably 
deposition or mix 
iniformity of the 
propertie of the 
nfluenced by the effective 
operation More extensive 
needed on mixing of the hard 
powders when important dif 
and density exist. Avoidance 
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‘ cost ac- 
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extreme] 
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the a evute in mant 
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lispersed pa 
ent of optimun 
with testin temperature 
of the mut 
must also be con ‘4 
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VADE 
‘ md phase prio Ret t N 4.39 Hattelle le 
mou pt Ip ‘ 
luce the final a f 
‘ 
thon of the Gre G t 
inter 
icted ntered roe ie AIMEE 
i re ile ine \ ‘ Pre tat 
i \A 
‘ if thre 
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Discussion of the Powder Metallurgy Symposium 


Chairman: F. V. Lenel, Professor of Metallurgical 


Engineering at Rensselaer Polytechnic Institute, Troy, N. Y. 


Atkinson Electric Corp 
May we r yo mment 1 the 


thoriated 


product 


iat 


Bruckart 
‘ Pa. 


Bruckart 


I wanted 


Grant One 


copper 


Bruckart) De 


nave not 
addition of 
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Pittsburgl 


po ible 
ten? 


sin 


There 


prowtn 


mol 


but the 


the 


indor 


bake 


i 


i 


metal ve have tudied only the added benefit 


anv. of cold work after extrusior 


Bruckart— Normally when one makes an alloy there 
an optimum combination of solution and cold work 
This can be removed by annealing, When you make 
dispersion strengthened alloy could combined benefit 
be obtained Don the dispersion wt equally effective 


Grant We do tt \ an an now but we are 
tudying the #80 Ni-20 Cr determine if fur 
ther benefits can be achi ’> beheve that they 
vill be 


Smith (LaSalle Steel Corp., Chicago) work 


ing done or istance to these 


Grant) On! out am 
ple to peopl hi cteristi We 
ume there wil ) ri j considering what 


happer to tool ! illoy 


Cochardt (\ vu Corp 


What ts the 1 if the hi temperature 


Pittsburgh) 
tability 
AP to the high dissocia 
olubilit of the oxy 

h hardne of the 


Kide party 


Grant Witho a j much work in thi 
re iveing system 
with tem 
olubility ma 

olubility change | 
thre tructure remain 

ibility is neces in’ 


tal: hardne 


Preston 


er mnt 


olubility 


From the floor tell what 


Preston mured electrical conductivity 
opper with | ( ALO. The effect of the dispersed 

‘ ipproxis ! ive In the 
) pet Al alle ( f the condur 


conductivity ma‘ 
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Fisher, E. W. Hart, and R. H. P Acta Meta Gree te 
‘ ) N 94 17, 45 
Ge er et 7 1942, vol. 30, p. ¥ fic Paps the Institut Phus 
‘ in. 5. G t 1 951 191, p. O17 
G T. Nort 17 1952 94, pI ' a5 he 
ive iw.J.<« Theoret Rese titute, I 54 
‘ 4 1 t f Londen, 1944 FV. Len \ enst nd M. V. Rose: Properti 
953 44 4: \ i ‘ f Ext Reduced Fre The 
in. J.G t: AIME 19 94, ae 
J Meraus, June 195 ‘ ‘ ‘ tion 
‘ WwW iw \ R ue tl Inst Met 144 Robert ‘ ithe nd Averba is 
Grant—-They are similar types of ES. 
er definite evidence of restriction of rain 
evidence of strengthen imilar to thm for y 
num alle vhere the oxide phase gets to rest at grain 7 
Atkinson —Is there a difference between what you 
! ed on creep rate of thoriated tungstel 
is Opposed to SAP <a 
mal n relation to SAP, which ha i far reate) ” 
t of 
amount of oxide a 
material 
Wi lo you think that dispersions, pat 
ticularly in molybdenur ire necessarily located at the 
rain boundaries. Our own work showed that tl eee : 
ot the couse 
Grant—The only thing we have noted is that there ; 
in rked estriction rau rowtl You would of 
not expect the effect to occur if oxide ine n the pra 
thie must be nthe prain boundat! rather that ! 
yer 
the pram oOo the conclusion ! ist be that it not i 
the grain itseil 
i 
think you are right on this, point 
MEE to make is that even in melting, te disper 
lor have not a merated and are till Corie 
ther point: Did you note that dispersions do effect 
‘ 
fiw 
EEE: would have to go to exceedingly high } 
high dy i Iso of 1 
temperatures to obtain a prope but in the f the 
oct phase smaller importance 
ao. vhere we ould go to the melting point : 
the restriction or ‘ir rowth was clearly evident st primar! i matter of siizm”m® of i 
to be a large effect ox mut metal 
rey 
you have any information to show the 
effect of the combination of lispersivens onertic onduct ty” 
lo whose trength would ord mily be derived fror 
the trenoth of the sllow” io 
Grant Not noupn t be ire of it To the best of I 
kr ict yet beer CH 
Thus fa he oxide o pure vity of pure ypper, bu 
3 5) 7 


Grant 
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xpect large differences in properties | transverse 
setter mixing would of cour diminish these 


of tructure 


From the floor--How about 
Lenel—Ductility was the same in both directions 


From the floor--The test 1 Its point out that a 
ior drawback of SAP is its high tensile notch sens! 


ty That bother yner! 


Grant—-This material (SAP) still follows many of 

Vtkinson | hey ord ry the ame type ofr ile that ordinary materials do. We 
‘ © in the extruded . in notch stre rupture tests at 600° and 400°F; at 
100 F where we had 6 to 8 pct elongation in short time 
i¢ material was not notch sensitive. In tests last- 

v from 200 to 400 hr, ductility had fallen to less than 

» pet. Under these conditions the alloy was notch 


ensitive 


Grant 


Kruckart our he possible an 
er to Atkinson thoriated tung 
molyb At 600°F, we found notch sensitivity set in at a more 
behavior ipid rate. These are the results obtained with SAP 
mnsidered ( the other hand, one to keep in a mind its that 
; these Al-ALO, compositions constitute a series of alloys 
h of which has a different combination of proper 
If we had taken 4 pet oxide alloy we would have 
id a much more ductile alloy which would have 

hown different and improved notch sensitivity 


Hirsch (General Electric Co... Schenectady, N. Y.) 
During the past several years we have had the occa 
trude many metal powder ve did not make 
vith other alloy tems found that 100 to 
powders could produce strong, fully dense 
or to product made from cast metals 
nprovement nm part to the oxide 
hed lr ( particle and the resultant grain size 


the powdet! metallurgist need no longer 
Gregory 


ventional metallurgist when it came to 


t} mechanical properti« of metal 


Gatti (General Electric Co Schenectady, N. Y.) 
Could Professor Grant describe stre train curves at 
high temperature 7 

Grant. -We performed a number of tensile tests on 
the Cu-ALO, alloys at room temperature only. A rather 
nteresting behavior resulted: the stre train curves 
howed two yield region one near 10,000 psi and an 

ir 30,000 psi. This behavior was the direct re 
ing 200 mesh copper powder. The first 
f vielding was that due to pure copper, with 
ittendant work hardening of these coarse copper 
lands. The second yield was the yielding of the aggre 
ate. In the AI-ALO, alloy uch as SAP, the stress 
curve was normal, bee of the more homo 
the properties of 


eneou tructure 
onnection the effect 


<trusion ratio, temper Gatti--Could you descr flow characteristics 
The effect these or it high temperature 
beer 
Grant. The creep curve ippear normal. We have 
not run high temperature tensile tests. We have not yet 
been able to resolve the structure of these alloys to 
letermine the nature of the deformation which takes 


place 


Preston -Along with creep, we measured modulus, 
dynamic meat it temperature It was unfortunate 
Lenel ( Rensss feel roy, N i had 
W, j 


copper, because anisotropy of modulus in 
copper masked the modulu Tect. Where we had high 
copper content, we had high modulus because of the 
inisotropy, with values as high as 20 million psi in 
low oxide materials and 14 million to 16 million psi for 
high oxide. Whether this is due entirely to anisotropy 
a7 hard to say; it is unfortunate that we did not use an 
. otropic material such as aluminum 

and Lenel -l want to empl i point Prof. Grant 
ition ide. The properties of extruded material vary widely 
evere lepending on the degree of dispersion of the second 
ording ts ostructu vik ‘ vould n aluminum powder extrusions, this degree of 
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a A pet thes netance p ibly due to the ‘ 
ed Coold xed) condition of the extruded allo. 
defects 
Atkinson there beer in effect on residual 
‘ tal have ou de these measurement t 
‘ Ot, extruded plu rine ed conditior 
Grant In the particular case vnere resistivity wa 
hte t emained prett onstant nee 
had not recrystallized the Cu-ALO, alloy by reheating ————s 
int 
M 
‘ 
thie 
Cones effect of oxide additions on re Widens: 
‘lumina dispersions mad 
} eurl hie these pl ‘ ent 
rial thier wher re tal 
‘ of O25 pet 
led and then heated in o on at 
There ere ne bole of re 
further heating for ™ hr at 930°C 
tall tion te tart. but the 
foot bir it te iftire Ve 
/ rev diameters 
mportance of het orkine ¢ 
\P has been mentioned. In thi 
f« ict i ‘ 
ittire mid peed ire: of nit ‘ 1 
powdered mapne im product 
frown of the M re il Filet} 
It ‘ ible 
hould be found with SAP 
Stanley (Crucible Steel Co, Pitt } tI 
of 
+} 
\ 
teat 
lt 


on can be aried | Varving the average thick 
( of the aluminum flake powder parti le which are 
extruded, Extrusior made from powder with an aver 
ige thickne of 0.17 have a tensile trength both at 
00 temperature and at 750°F of nearly twice that of 
extrusions from a powder with an 0.8 « average flake 
thickne On the other hand, the extrusion from 
oarse powde are ore ductile than those from fine 
powder. The extrusior ire al quite different with 
egard to preferred orientatior vhich very pro 
nounced in the extrusior ide of coarse powder, but 
iimost absent in the one ide of fine powder Finally 
the extrusions differ with respect to the case of re 
ystallizatior ifter cold rk. Commercial Swi 
SAP extrusior vhict ire fror powder wit! 
quite thin flake thickne cannot be recrystallized after 
old working, even when the ire heated to just be 
‘ the melting point 
Extrusion from coarser flake powder car be reé 
crystallized after cold working although the recrystal 
lization temperature much higher than for ordinary 
rought aluminum. This phenomenon ts being furthe: 
nvest ited and, we hope vill lead to a further clar 
heation of the trengthenn mechanisn n SAP \n 
ther va to mprove oul understanding of the 
trenethening mechanisn n despersior trengthened 
iterial vould be to investigate the relatior hip be 
tween degree of dispersion and the mechanical and 
pl CH propertic material other than vith an 


Busk Dou Chemica Co Vidland Mich With 
espect tabilit it ? temperature for long 
t ‘ ‘ eo the ame effect nm magnesiun If hot 

bined nnealing, the stability is mucl 
r ed. Is this also true with SAP? 

Grant don't Lene! experience 

is beer but oul that one cannot get 

old work vork could be carried 

it ‘ Vithout apparent oft propertsi An 

eal did not dimiut h the properti after hot or 

1 ork the case of SAP. Wa our work done 
th oxides or other hard phase 

Busk -Both. I assume it might depend on the mate 

ik added 

Lenel It il num powas ‘ trusiol prepared in 
the labe t ! vhict the time of extrusior and 
therefore the t e duru vhich the material | ub 

cted te tre ‘ at clevated temperature 

el hort, the particles of the aluminum oxide appear 
platelike under the electron microscope; in other word 
rh the ime hape as the Vere as ¢ ae Kit on the 

Mal partic le When these experir ental extrusion 
ire examined after repeated working and annealing 
ind also when commercial extrusior vhich are ub 
ected to higt tresse at clevated temperature for 

! tirne ire ¢ mmined, the hape of the oxide pat 
ticle appeal! to be more or ‘ phe cal. Thi an 
na ition that particle chanye thei hape inder con 
litior of commercial extrusion. It should be empha 

ed however, that extrusior vith ich spherica 
particl lispersed in a matri ive still quite high 
trengtl 

Cochardt— It mportant to have a small particle 

e of the matrix powde! mn the ise of nechanical 

xture However, thi not true if you use internal 
oxidatior is long as the diffusion times do not become 

Hirsch Ihe oncept { terna datior ndeed 
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Grant It is too « xpensive to get le than | pow 
der. It is easier to get better particle dispersion and 
finemne by internal oxidation 

Gregory It true that internal oxidation has its 
limitations. It must be borne in mind that this method 
is only uitable for the introduction of small oxide 
percentages in certain limited matrix materials. How 
ever, due to the very fine dispersions which can_ be 
obtained by internal oxidation, these low percentage 


ntroduced by 


may be as effective as larger percentage 
other method 

Hirsch \ major difficulty of the internal oxidatior 

ethod is the slow rate of en diffusion and, there 
fore, the low treatment of thick e bode Would 
t not be po ble to prepare the 1 aterial in the forn 
of a porous ma internall oxidizing the material 
taking advantage of the pore for ready acct of the 
oxyveen and ub eque ntlyv. consolidating the body with 
pre ire and heat” 

Grant.—This isn't a bad idea. Much of the work in 
the past has been done with dense material I vi 
lu e that one vill be ible to get 10 powder in a 
vide variety of compositions in the near future. I don't 
beheve that diffusion through 1) particle will be 
difficult to control You might get a sintering effect 
that would cause ome difficult, In our own work we 
ire using mechanical mixing now and hope to use in 
ternal oxidation much more extensivels 


From the floor Speaking still in ter of powders 
particles of internally oxidized materials, an additional 
factor to Keep in ind that the powder particle sur 
face must be clean enough to get wood bonding so oxide 
vill do some good. I noticed all the oxide ire melted 
Did you have an oxide that actual melted 

Preston: In some tude ve have worked with cop 
per wherein a film of cuprous oxide was formed; the 
product was then compacted ntered, and extruded 
While the oxide was not liquid, it was quite plastic at 
the extrusion temperature Under these conditions we 
obtained a uniform dispersion of cuprous oxide, elon 
vated in the matrix They were mall, discrete parti 
cle vith 5 to 10 length to diameter ratio 

Properties obtained at 250°-450°C in creep rupture 
ndicated that some au vas found at 450 The prop 
ertie obtained thar fou pure Coppel it 
50 C. What would the structure look like Similar to 

rought iron vith the iprou ide readil resoly 
ible at 500X 

Lesznyski (Schwarzkopf Development Corp, New 
y ork N Y } A few tail i et ive data on dif 
fusion measurements of several etals into AP and 
pure aluminun The interesting result was that, u 
eneral, these elements diffused faster in SAP than i 
pure aluminum. [I wonder if the ame thing was ol 
erved in copper’ 

Grant We have not made ! il tudie is yet. but 
one might expect that diffusior i SAP would be 
higher due to the ver much fines raw ive 

Webber (Clevite Corp., Cleveland) Are these par 
ele of ALO ou Copper ind slur bonded 
to the matrix We know nthe case of LIF?) that the 

14) bonded to the itrix phase md Lenel said th 
morning that when Linde B alumina wa idded te 
itomized aluminur there Ni no increase in trengtl 
even though oxide ¢ tent i nereased M que thor 

Is there any « hones f bonding ww our work? 


t 


olid 1 


ute 


of bond 


Preston We have at present no evidence th 
any bonding in the ise of the alumina-copper 
te This work was all performed in the 
This of course does not rule out the possibilit 
! or wettin but we have no evidence and 
re of bonding between the Lf). and copper 


inv to exist 


not expect 
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isceptit t t “idation thats of the other ele y 
ond The ore universal solutior to disperse a 
re livided throughout i! hoser etal 
trix F ich a tern to succeed. both the oxide a ay 
it hardening phase ind etal t be = 
extreme fine and intimately mixed 
ae 


for the 
matrix 


body 


wetted by 


i cor po 


at this 


tem, it i 
Grant An absolute an 
me; however in the ca of Cu-Al.O, alloys which 
intered in hydrogen, there little reason to 
I i! ALO 


vetting betwee! coppe 
temperature 


the case ] 
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h lav ved 
licate that bonding yet signifi 
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it of saying that there contributory 
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I would you don't wetting 


and in 
properts 
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olybdenun powder 
» OOO? pet © at most The that on 
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Technical Note 
X-Ray Microscopy of As-Grown and Deformed Single Crystals of Aluminum 


by J H Auld Rk A ¢ A M Marshall. and N A. McKinnon 
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aluminun 


Fig | —Single crystal 
of high purity alum 
num. White lines 

correspond to ndges 


U9 in the lattice X3 
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i plane 
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It seer n the case of Al,O-aluminum that the at Hirsch —I would like to know if it is essential | | 
traction between the aluminum and the oxygen ator xide to be herent with or \=__ = thi 
ild be considered quite a strong bond. In I 
Oppe if ina if) the bond 
on-existant. If there bonding in the v 
" no eal iS important as in SAP 
The high trenyptl nerense 
etween oxide ind metal may 
if 
Hamblin (Westing! e Elect 
(‘ar ou tell us the oxide cont 
‘ 
Grant | understand the 
ere of h puri HOO! t 
efractor oxide addition 
| ‘ kit tud if the leformal 
traint f single ¢ lab 
! “ee found that considerable information 
ean be obta t thie ise of . 
the microfocus X-ray method described by Schulz 
I} technique has been apphed to erystals both in 
afte thie have teat ibrected to inerea mnount 
plasty trou Ke amid We have ecent! re 
feud thy ase 9) method fe stud of lineayve 
‘ 
rhe cryst prepared from aluminum of 
ct init ippled by British Aluminium Co. Hill 
ver vn in th form of flat tensile speci; 
‘ cation fost Ol in ind a pape 
thi «of The erotocu i tube used 
| i nit nota la e number of a rown ct 
howed neo no of any macroscopic defects i 
thie cuse Hlowe ‘ onall cl 
vn thy train-anneal ethod did show 
i riature o those V1 Ke 
nel We ecu tal vn frot the melt. I 
thre hearth of the furnace mad traightening 
‘ thy ‘ ‘ one ilar appearance of | wh 
} | j owl veight at the ele ated temperature 
ty, rie ‘ ‘ 4 i aitie ‘ 
byt | thie leformation the ¢ ta Vere 
‘ ‘ ‘ the i Nii 
{ ned ina Polanvi-tvpe tensile machine. A typical 
¢ vo hel defor ed as the ed il i 
" tin tl of an a phote aph taken after 1.2 pet elongation of a single 
ie bl nole f tilt of tal omented witt ts an fairly close to the 
i ‘ ni | ‘ he ol 
hy) le ve! n Fig 
thea f the order of It seems likely that center of ! 
"The 
these tilt i! e durin the ure th { thy I 
tial Tike for thee poecimen not being 


miodified pha e contrast method confirmed the pre 


ence of Kink bands in the positions indicated by 
the X-ray micrograph The change in orentation 
ucross a kink band ts shown by the displacement of 
the edge of the image at the kink band. This change 


of the order of 44° in this case 

With regard to the lines parallel to the primar 

lip line bands of seconda lip were observed 
Fig. 2—Image from iptically and a count of these gave approximate 
a deformed crystal agreement with the number of lines een in the 
shows a) bands X-ray image. The operation of a second slip system 


parallel to the pri 
mary slip bands and 
b) kink bands 
Blackening corre 
sponds to high X ray 


intensity X3 rientation chanpe for these line of up to Zi tw 
| be measured 
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‘ ‘ rie it 

‘ ilu ( ile ( ted concentrate) ma 

ef wid leach de fume pre 

eal etrent rit evite } t fur? 

he latter the st port f th 

() Hod ‘ by 
j ewe oth ase the 
i 1 ‘ i fron 
iced hich ponded 
i ‘ i ! pet ‘ 
} ‘ amid ich Vietal cor 
tl bout 22 pet Zr 

1) +} rmediate to World Wa 
I] rite plant feed preparation had 
bos peal bie bie rie | init ‘ fuse Nii 

1) i eclient ol the 
! i! hie ture to the ¢ ect moist 

bie et nad tern te 

‘ rn th hat follow ) pilot m ! 

nt had heen } t. but the installed 
pu t adequate to treat the dail 

itput ‘ flue from the ¢ operation Phe old 
ter | ton dated back to the earl 
eteen hundreds and was not or nadequate tor 
‘ but poo mechanical con 

With tl buch ound, preliminary tudy of the 

nvolved in md enlarging the 

J ‘ il ! i it fuctol thie 
‘ P il thy | ee plant with 
thie cu pe ution pace limitation 
thee eneral invement of equipment were 
en caretul cor derution It wa recounized that 
the to be faced in desizning new 
plant were fundamentally mechanical, not metal 
cul. and involved the handling of larve tonnage 

te yuid and 
{te i arrangement had been draw! 
ij ral tied cle ! loped Which 
peared to answe sll equirement seal 
thie plant was built and ib 
tteal euretu before bew finally modi 

ed and accepted as the pproved desipt vee 

he tollowar ection of this paper will outline 

re he more pertinent data which served as a 

cle nand will discu plant operation 
ibsequent to erection trom both a metallurgical 

mechanical 

Plant Design 
amd metallu y required that the me 
init itd 
) Produce 2.000 tons of finished nter per cal 
ip t ton of lead. Treat 

‘ te based ! i 

') reat all current zine plant residue and permit 
} ‘ i! t ! fup to 250 tor pel calendar day of 
tock-pile residue 

) tin two} producing a finished sin 
le ow ! ilfu content and ! uitable phy ical 
Tel opt mum blast Turnace ope ration 

lt mddition f the at «, the plant design should 
wh that 1) whereve ble, automatic in 
trumentation would contvet the proce 2) routine 


162. JOURNAL OF METALS, MARCH 1957 


lal be ucilitatle i 
it ma ) tundurd ol indust ii 
ild be maintained through prope dust contro 
pulldil ae n 
| int cl paused of i easonable torecast ol 
ture equirement Ni cal ited a shown in 
Table I 
Viining and Drying 1! i e of the n 
ia ! ectior to receive the we nea a rn 
lient idd a predetermined quantity of wet ! 
pliant re thoro ire hon em 
fistribution of the i jus Component particu 
i fu and d then ture to a controlied m 
content 
From the basic cha calculated that 
| juction ot al pau rite feed wit! il ivelta 
7 pet moisture content would require the evapora 
tion of 2864 tons of water pet calendar day o! 18 ton 


er hr for a 110-hr week. (It is to be noted that 159 


ons per day of current zine plant residue will 
have been predried to 15 pet H,O in existing drye! 
and treated as dry ingredients.) Based on recom 
mendations of various manulacture! it was decided 


that three 10 x 80 ft concurrent-fired rotary drye! 
each rated at 6 tons water evaporation per hr, would 
be installed. By referring to the basic charge agai 
it will be seen that the average moisture content ol 


would be 18.0 pet At such a 


lurry and 


the first pa charge 
moisture content the mixture would be a 
elatively free-flowing. Such a material is not suit 
able for efficient rotary dryer performance Als 
during drying, the mixture would pass through an 
extremely viscous stage which would have the effect 
of building up dryer crusts, creating a serious ope! 
ating problem. To minimize this problem and a 
ire the maximum dryer efficiency it was decided to 
ufficient dryer product to give a net 
depending on th 


In thi moist 


ecirculate 
water content of 11.5 to 14 pet, 
physical characteristics of the charge 
ive range it had been determined by test that th 
feed mixture would be crumbly It was expected 
that dryer crusting would be held to a minimum and 
ith the material showering throughout the whol 
would be higt 


The material flow illustrated by flowsheet ‘ 


lenvth of the dryer, fuel efficiency 


In vuddition to the customary drye! fraft indica 
ncluded 


tol a system of recorder-controlles 
n the design tor thi ection of the plant The put 


of tl nstrumentation Na to contro 
matical 1) the rate ol flow of pulverized coal to 
the burners to maintain the required rate of wate 
evaporator 2) the additions of econdary combu 
ill ana 5) the addition of tempering ull 


maintain a constant predetermined gas temperatul 


aut the dryer inlet 


Sintering Basically, the sintering operation re 
if oustin and is In most oustil proce ‘ 
lution take place through the prope int la 

th the production of heat 

| pe ence nad hown that il mproperly pel 
etized and conditioned charge would tend to pack 
her uyered i tandard nterin machine 
throtthys the passage of an idequate quantity of ai 
f prope oastin Although the product from ia 
otury dry tends to be pelletized, the degree of 


pelletization can vary over a wide range, depending 


ich as moisture content of the dryt 
duct, the relative proportior bind mate al 
n the charge, and the ph ical cCharacterists ot the 


omponent 
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SUSPENDED ROTARY — SINTERING MACHINES 
CEILING [orRYERS SINTER 
NOOULIZERS FEEOER .. SCREENS 
| BLAST 
} FURNACE 
20 TON ~PECK CONVEYOR FEED BINS 


CRANE 


| 


| | 
| | 
ORYER GAS FANS | SINTER | COKE STORAG 
| | JR AGE BINS 
IMPINGER EXHAUST FAN CRUSHER t STO RAILWAY CAR 


SURGE BIN | 
“WIND 
Fig. 1—Photograph of model of new sintering plant, showing general arrangement of equipment. The roof structure with a sus 


pended ceiling is particularly noteworthy 


texture of the ) i i) machine, each bein controlled separately 


lo minimize variation in the 
erie ol windboxe This was deemed im 


roaster feed, a pelletizer was provided ahead of each ough a 


intering machine These pelletizers were imple practical, As a compromi 
trie windbox aren into ix equal ection and in tall 


eit was decided to divide 


rotating rubber-lined drums, 9 ft diam by 16 ft lon, 
Since the degree of pelletization of any feed mixture two funs, one 
peed of the drum four windboxe and the econd, the pase from the 
make it possible, 


handling the rich vas trom the first 


could vary with the peripheral 


and the retention time, the pelletizers were designed lust two. This arrangement would 


for variable speed and adjustable slope if it were required at some future date, to recirculate 


Sinter Machine Design, Windbox Area The the weaker gas and so produce u gus of higher SO 
rate capacity was determined by experience and concentration 
test to be 0.21 tons of sinter per hr (net) per sq ft Based on predicted gus temperatures and volume 
of windbox area on first-pass and 0.095 tons overall and in consultation with tan manufacturers, fan spe 


Hence the basic charge tonnage in a 110-hr week ifications were drawn up as in Table II 


would require 554 sq ft of windbox grate area for For the preliminary design, fan speed control 


first pass and 787 for second through the fluid drive would be based on draft at 


After weighing the merits and disadvantage of the fan inlet Since vas would be relatively wet 
w point estimated at 145 kr), and of relatively 


few large machine \ numerou mall machine (ae 
windbox duct 


the decision was for the former. Three machines 10 ft high SO, content, all fan casings and 
wide were finally chosen, each with 630 sq ft of would be of mild steel construction, but heavily in 
windbox area, one of which could act a pare for iluted. Fan runners would be stainle tee! 

0 attempt was made at this time to design a new 


either first or second-ove1 N 
to condition the 


Fan Equipment: Test data and plant experience ft and humidification equipment 
had shown that the requisite al volume for ali é for dust recovery in the existing Cottrell pre 


factory sintering wa 1) for first pass, 65 cfm (stp) cipitator, *° old flue system would be used until 


per sq ft of windbox area at the grates or, allowins uch time as gas data were confirmed by operation 
25 pet leakage, 81 cfm (stp) at the fan, and 2) for Sinter Machine Design, General: Generally speak 


econd pass, 90 cfm (stp) per sq ft of windbox area ng, the machine design followed the normal Dwight 


or 113 cfm (stp) at the fan Lloyd (straight-line) pattern 
modifications were incorporated, Because of the size, 


However, certain 


To determine true volumes at operating condi 
tions which would serve as a basis for fan design t was decided that the loaded pallet when di 
plant data were utilized These are illu iM4?PPpine, hould not be allowed to run free from the 


average 
trated graphically in Fig. 3. This graph portrays air top. A discharge sprocket, controlled by a brake, 


volume, the percentage of SO,, and the gas tempera provided at the discharge end of the machine to 
ture prevailing as roasting proceeds. It will be noted ! ase the loaded pallets at the bottom. This would 
that gas temperatures are high and SO, concentra rmit a bump adequate to remove the sinter cake 
tions relatively low toward the end of the roasting Without damaging impact 

time indicated. It wi: recognized that, ideally, a Another feature of the intering machine design 


eries of fan hould »- installed along the length A thy of note is the method of removing windbox 
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P ind permits further sulfur removal in the second and 
m From basic charge data it! evident that 1160 ton: 
’ ; pet hr of first pa inter nhad te be crushed ex- 
isive of any recirculation. Added to this would be 
- . { me 15 to 20 tons per hr of fine ( ; In. material) 
creened out of the fina nter and returned to the 
nter conve ) the prope d crush 
fi A heet ee Fy 
5 \ ng a circulatur oad of 100 to 125 pet the 
lowing plant requirements were outlined: 1) twe 
et 54 24 it) moot Oli il il 1,250 ft 
2) oll di ‘ 0 hp ind dual a ‘ 0 
euct rol $/louw 4) screen 
ne ‘ han ov j pe ») creel 
- leck Ty Rock or othe imilar type, with throw i 
firection of flow: 6) sereen clott tandard ediu 
+ + ht ‘I tod with 0.250 in. openin n bottom deck 
IMPINGE ) theoretical capacit 72 tons per hr; 8) screen 
‘ to be close-circuited | ted bucket 
‘ ~~ elevator conveyor; 9) to allow for surges and return 
rite on first pa charge t was col dered that the 
ore oad to be handled by the pivoted bucket elevator 
~ ht be a high a 400 tor pel hr and, theretore 
i 46 x 36 In. convevol hould be installed: and 10) 
- - | to prevent vibration from the rolls carrying through 
to other parts of the building, particularly the in 
’ ' ° trument control room, the rolls would be mounted 
Fig 2 Schematic tlow sheet of mixing and drying nm ouk blocKs On an and free of the main building 
ture 
General Aspects of Plant Design -A design re 
far th a lead-bearis harps ement that was given careful consideration and 
| ed mo metally ' ed whereve pt ble wa idy acct to all 
nicl et nal juipment, particularly the he equipmen 
, ted product but it oval from six ! tenance purpose Phe main buildiu was de 
ft presented challenws ned to accommodate a 40-ton crane which would 
final a nm mmeluded continuous 9 ft 7 im. wide have U 1CCE Equipment was located to provide 
virndboxe md close to the botton inh 
eo 
nto a boot at the end of the machine An » FIRST Pas IN TERING 
ned dray conveyor was provided to remove thi roe 
continuou from the boot \ general at 
4 
il erent of the new machine istrated in { 
j 
/ 
ent Try nterin proc there a4 
li ke luta wil t proper! nterpreted 3 Y 
ficult ich tact i che ind ule ot vovume 
> 
int i ma nadirecti pt cal qual ~ Ly 
! rite cont ill located control oon . 
- — 
i te ned from which all the plant with the ; “al 
exception of the sinter erushu ection isible 
\ rit iment mid che vere located 
nth nachine had it wn 
nstrument pure Instrument cluded in the de 
‘ ) neach tan dratt " 
bin 
fiat ) nadicati immete or A+ * 
h machine t fual windbe tem 
‘ il ‘ ima >>) peed ndicat vith - i 
h-button contre | 
fue temperature fraft at certain Key catior | NIP 
Ly ‘ 
oneentration at the at ption plant plant air pre ™ 
ine ote dered | ‘ ; 
Sinter Crushing Plant operation 
vhere ilfu to be removed in tw pusses the f t 
eT ast must be crushed to as fine a product as 1 Fig 3—Graphs indicating the normal relationship between 
practical without actua pulyve ex post percentage of SO, gas temperature, and air volume vs roast 
the re tua ilfides tied up in thet t pa material ing time 
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Fig 8—Second pass sintering of off gas temperature vs time 
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Temper Pressure Drive bievation 
ature, °F WG Khp Ft 


pa inter feed. Most of the tramp iron is removed 
here. However, circulating loads of tramp iron have 
tu be cleared by picking manually from the pivoted 
bucket carrier (Peck Conveyor) 

he screen undersize originally discharged to rub 
ber-lined steel hoppers and thence by conveyor to 
econd-pa feed storage. The hopper sides were 
divided in three sections and inflatable canvas hose 
placed between the rubber and steel. Replaceable 
all-rubber panels are now installed and are more 
uccessful in preventing build-up They are poked 
manually at frequent interval 

Second Pass Sintering ~The crushed first sinter 1 
practically all minus In. and contains 442 to pet 
total sulfur, of which only 24, to 3 pet is sulfide. This 
is too low in fuel for good sintering and the addition 
of up to 1 pet coke breeze has been found essential 
The crushed first roi is lacking in any binder to 
promote pelletization, and by itself beds very tightly, 
roust lowly and gives a poor quality fini hed sinte! 
Variou binde! are used to improve thi Among 
them are moistened flue dust recovered by Cottrell 
treater from the sinter machine moke, thickened 
plant slime from the ventilation scrubbers, and 
dried zine plant residue. The roast material, coke 
breeze, and binder are mixed in a Stehli-type drum 
mixer before being pelletized with water or plant 
limes in the second-over pelletizer. Enough wate) 

added in the pelletizer to bring the moisture up to 
about 5 pet 

Thi intering step 1 imilar in most respects to 
the rst-over sintering. There is a notable differ 
ence, however, in that metallic lead is formed in the 
hot mass and percolates down through the grate 
rhis molten lead, for the most part, is chilled into 
vlobules or shot in the water bath of the windboxe 
but any which adheres to the windbox separator 
(which are just clear of the bottom of the travelling 
yrates) causes binding and can eventually stall the 
machine, The remedy for this was to water-cool the 
eparator top plates, so that the lead chill quickly 
and do not adhere » the cold 
typical operating data are shown In 

Sinter Machines—A sketch of the machines then 
elves is given in Fig. 4. The speed of t 
be varied from the control room between 2 and 6 
ft per min. Depth of the bed is regulated by an ad 
justable talus plate at the feed end, normal de pth 
being 9's in. on as oastin and 9 in. or 


he pallets can 


econd 

The individual pallets, of which there are 60 on a 
full machine, are illustri in Fi 9. Thi 

hows the grate bar arrange iw original het 
ring-bone type of grate hi upplanted 
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belt movement cause 
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le | oad ha ty fy are ‘ nt duct cor nt clear il ind three n the flue dust ection 
truct nat proven cheape nan ‘ itisfa Cottre lreater). There are also two men or teady 
thay ned steel pipe hift se cu dust serubbe ind two recon 
wile olid from the ‘ and pallet SET VICE ich as trammin oe! 
cat ed throug) ate the total up to about 87 pel 24 
pumped to a 1.000 eu ft storage tank in the wet-m Reference 
! plant. There se is are furthe lewatered tr ate 
ty th three # liquid ¢ rie () na ‘ t ‘2 ‘ = ME. 
ible interest ar blast fu V la the Dlast doe n fact, penetrate More 
ry juest the penetration iiWwa Cieal ist vhat meant b 
the furnace there till uncertaint i thie etratu nu enst 
In 1952. Elliott et al. showed that at the end of 
Po each tuyere of blast furnace there more or le 
ra \ | In th ‘ or coke partick are blown 
ound | the fores f the a I} explained the 
4 ( eu nt the furnace ia tance aft rye 


tube The eye could ea ily detect movement at the 


to 4 ft before coming up against a firm resistance 
It is apparent that the bat penetrate acro the end of the tube though it was quite iInsen itive to 
width of the raceway before coming Up again t the the conditions along the ice 
{ As a result of these tude and of a further re 


an. Thus the penetration 0! 


lower part of the dead 


the earlier work, a new correlation for race 


the bar corresponded approximately to the diametet view of 
of the raceway way ize was obtained a 3 hown in Fi 2, in 
In 1953. Wagstaff’ considered the subject In more which the data have been plotted on logarithmic 
detail. The raceway was shown to be approximat ly cales. Had linear scales been used, the point would 
pherical in shape and a corre lation was given io! have fallen on a straight line but much of the infor 
predicting the ze of the raceway. This correlation mation would tend to bunch into the corner of a 
was criticized by Gardne who proposed some linear plot. The data cover a rather wide range of 
10 to 20 on the abscissa 


to 20 on the ordinate and ] 


modification 


Following this work, two independent studi By using logarithmic scales, it Is a little easier to see 
have been made. In the first, further work on model the spread of the point 
has led to an improved correlation In the second The relationship shown ha been determined 
a large number of measurements of raceway 512 empirically and is con idered to be the best expre 
were made at the Steubenville plant of Wheeling ion so far found to correlate the large number of 
Steel Corp. The data were obtained by rodding all variables that have an influence on raceway 51i4 
tuveres of each of five furnaces at frequent inter Joth ordinate and abscissa are dimen ion It ha 
vals. usually hourly. In this way, more than 3000 been found that the technique of employing dimen 
measurements of individual raceway 512 have be 


come available for analys! This report discusse 


and compart these two tudi 


Model Studies 


The earlier studies of raceways In mall model 


had been restricted to observation of a ingle jet and 


way in a model that wa rectangular in plan 


t race 

Since raceway eem to be about a wide a the. 

are long, there w ome question as to the apph 

cability of the earlier work to the blast furnace that 

has many tuyeres arranged around the circumfe! 

ence of a circle so that the raceway might overlap 

Experiments were therefore carried out in model 

haped, in plan, like a segme nt of a circle, such a Fig. 1—Typical mul 

hown in Fig. 1 rhe jets in the model wer tiple jet model 


arranged so that one of them was close to the ple 


la ice and the raceway could be observed di 


ectly. It would be comparable to those re ported in 
the earlier wort The other three jets were arranged 


o that the middle one was between two normallh 


raceways and any interference would be 
the same as that in a completely cylindrical mode! 


wa difficult 


Observation of th central racewa) 
because it could not be seen through the surround 
ng } irticle Howeve it Wa found po ible to use 
polystyrene particle that were ufficiently tran 
parent to allow some | ht to penetrate to the race 
wav. It was then found that the movement of pat 
t | could be observed ith a closed end gla 
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affects the flow o id, prob 
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ul thie furnace 
by reducing the 


vould therefore seem reasonable tha ‘ 


particle 

velocit 

furnace might have an influence on 

The ratio of gas velocity up the fur 

the inverse of the 
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thie 


the tuyeres | ratio 


The ratio od t 


thie powell The 


known with 


value of thi 
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exponent 1 not 
ipproximate 

The value of any empirical correlation depend 
tudied 
wide range 
model stue 


material 


t xtent on the range 
Table T has been compiled to 
of experimental conditions used in thi 
It should also be noted that the 


ised consisted of regularly shaped particle wood 


on rent « variable 


granular 


Table | Range of Variables Used in Model Studies 


Vartatle Kange 


pla tre 


at reasonable confidence 
dity of the relationshy 
taken on individual 
These 


hed earher,” are not aver 


WwW pont 
blast 
publ 


furnace plant 
and hence are 
ented in Fi 

greement with 


around a furnace 
Information 
do show 


reneral 


Plant Studies 
nee the ri at; vel leasured 
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ize that timate of the 
condition in the furnace 
which 1 imply 


furnace data have 


hould a good « raceway 
produced by yarticular 


These aver: 
tion of Fig. 2 to 


are plotted in Fig. 3 
a por which the 
been added, enlarged so that the 
be more arly seen 


furnace data can 
An idea of the variation be- 
readin on individual tuyere can be 
Table Il. These give the 
different fur 

individual 

discussed 


tween the 
obtained from mean race- 
Way size at a particular time for 
naces and both the variance and 


observation The question of scatter 


more fully later in 
Fig 3 show that the 


and model remarkably good 


agreement between furnace 
The results for the 
omewhat, but over- 
Furthermore, if 
imed between the 


different furnace eparated 
model data 
relationship is a 
tration D/D, and the raceway 


obtained by the usual 


lap each othe r and 
a linear pene- 
factor, a line can be 
tatistical techniques for fur- 
which best represent the data 
data on the other furnace 
These lines have been included in Fig. 3 they 
appear shghtly curved owing to the logarithmic 
cale. The lines are almost parallel and very close 
to the line for the model. It would the 
reasonable that the correlation is essen- 
tiall ound, but that some othe: have 
been different for the different which } 
responsible for the not being identical with 
the model. Thi known at the 
Apparently the aceway 1s a function of 
the conditions of fluid flow and affected by 
released by combustion 


nace 1, 3, and 5 
There are not enough 


where 


refore 
to conclude 
factor may 
furnace 
furnace 
other factor is not 


moment 


the energy 

The agi 
data | o good that the a 
calculation of the latter must be examined critically 
were the distribu- 
which affects the 
and the size of the coke 

eemed practical for the 


eement between the furnace and model 


umptions used in the 
The two principal uncertaintic 
tion of air among the tuyere 
velocity in each tuyere 


The only a 


umption that 


ormer wa li equal linear velocity in each 


no matter what it ize. This is probably 
observed that in a furnace 


the penetration 


wron because it wa 


having tuveres of two different size 
maller 


blow- 


maller ones was not proportionally 
It also a fact that the 
pipe 


tuyere 


ducting, gooseneck 
and other equipment are the same size for all 

and only the 15-in. length of the tuyere 1 

anged. This may well fail to change the 
blown in proportion to the change in tuyere area 
Therefore, the 

be that the 
independent of the tuyere size 
than the a 
rhe estimate of coke size pre 


volume 


only logical assumption would seem 


tuyere wa 


rather 


volume of air to each 
and thi 
umption used here 
ented rather a dif- 
Only a few estimate of coke size 
In an 
amples 
of a 


want 


eem 


worse 


ferent problem 


e zone are known to the author 


eport, measurements of a Ww 


COKE 
iven and one of these was an estimate 
the Pittsburgh area. Accordingly, for 
information, the furnace 

umed to be the same 
astern practice 

It would that thi 


to predict the effect of 


coke in 
previously 


correlation 
mall { han ‘ 
ize im the 
to do this is to plot th 
conditions on Fig. : 
effect of the proposed 
However, th 


t mat 


variable on the 
doubtedly the be way 
tion of the existing 


and deduce 
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whether both 
eet nen 
abse a ‘ 
f three ratio 
! 
n the tuvers 
the particle 
quare Teet The fores of pravit q (ft per q ec) 
i neluded 
: The next ratio relates the density of the air (p lb 
| per cu ft) to that of the solid 7, in th 
form of the ratio »)) 
7 the ratio of the total tuvers ‘ | the 
hearth ore 
hanes of 
ithe 
model 
ij not kno 
ol 
| abl 
t 
of gases 
raceway size 
nace to thatur 
of the appropriate areas, 
} 
ote f jet stol 
006 to 02 
sft 0 08 te 62 4 
f 91 to 04 
ft 0145 to 1.0 
6 049 to 0 Tas in the t 
eu 
Pherefore, it would seem th 
ht be placed in the 4 ol 
at differes re 
Vhich were d 
fo all tuvers rent 
net as rehable a Un 
Howeve thes posi 
the aid of the ct 
Lee be possible and, further, im™[!!y sometimes be ad 


vantage picture of the point racew a) comparatively insens! 
general effect of a giv ari The three vari tive to tuyere siz 
able considered het ) interest are the This peculial f tuyere eemed suth 

ind rate, blast mperature, j \ , The ciently interesting to study further, so two equation 
first affects the linear velocity in 1 yeres V; the “ developed Appendix, for giving, first, the 
econd affects both velocity V and den y p. Chang- lope of the cu and secondly, the »>diametet 

tuyere size while holding constant volume for minimum raceway s12 
wind blown change velocity V. area of the jet 
and the diameter of the tuyere D, on the ordinate LEGEND 
make it difficult to estimate the effect of FURNACE NO 

change In tuyere ze without calculation : 

Fig. 4 present howing the approximat 
effect on raceway y changes in the three vari » teas USING WATER 
able discussed t wi obtained by calculation 
assuming a typica! set of condition and deducing 
the effect of changing the particular variable bein 
tudied. In each case, all other variable are held 
of 


oR 


constant except the one under study. The 


act 


asing wind rate is alway) to increase 


ize and to somewhat the same extent in most case 


N 


Similarly, increasing blast temperature = increase 


but not. in general, as much as increa 
bla 1 


PENE 


The effect of changing tuyere size is quite un 
expected and dept nds on the value of all the vari 
ables 1 } ‘ way fi Fig. 4c shows the shape 

diameter against tuyere 
a curved line sloping down to a minimun 
as tuys ize increast 
racewa ze then increase again It 
has been possib! » examine three furnace of 


which one had an appreciable negative slope show 


i y* Aa 
RACE WAY FACTOR H 


in increasing raceway with decreasing tuyere size 


The other two were operating ¢ lose to the minimun Fig 3-—-Correlation of blast turnace and model data 


Fig. 4—Effect of operating var 
iables on raceway diameter 


Fig. 5—Variance of penetra 
tion, furnace No. 5 
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Table Il. Variation in Readings 
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fhate tim Nate ‘tm 
7 to 18 474 2 5 to 44 
‘ i7to 18 94 2 49 42. to 46 
OF 41.5 to 38.7 
2 "2 2 t 5 
42 22 0.5 to Cast 
44 t ‘4 
‘ 71 4 7 47 t 
' 44 44.5 to 42 t 
M9 64 44 to 
2 1.8 to 2t Cast 
‘ t 2 t 5 
42 77 ti 7 te 7 
i ; 4 to 4 
' j 48 to 48 
49 to 412 
Average 
furnace Na 
7 428 9 to 32 
at 41 to 29 
t 2 21.17 9 tolB 
if t lf 
71 227 9 to 28 
; to 27 
; t t 2 
; to 29 
20 to 20 
; 42 t 
; i 25.24 to 19 
» 16 to 2 
27 ‘ te 21 
i4 28 
‘ w 
4 707 23.07 4 20 
we 
t Het ‘ i 
2 if to 27 ef 
; te Het ‘ 
»2 t ‘ ‘ 
477 west Hef 
, ‘ t 2 Afte t 
72 9 ‘ Het ist? 
‘ 2 te Het 
2.48 +7 7 to 29 te 
‘ i 9 Afte 
‘ 6 to29 Cast 
“2 4 t \ft 
\ ‘ ‘ 
bye ‘ thee vhere K, and K, are constant W is the volumetric 
flow of an ncim the number of tuyere 
) oOo Phese expre complicated but the 
ji ) io serve to thie lope ition of 
A the line mf raceway a tuyer: 
vt variable It l the 
fore to t neing tuyere Vill 
ent furnace or eve! 
4 ore { enetration br 
nthe same (_—_—_= ferent operating condi 
tior 
- ; An alternative explanation is that the precise 
\ ) | } | } value of all the different variables in the racewa 
hy j } factor affects the position of any particular furnace 


Table Il. Variation in Readings (Continued 


Wind Temper Pressure Mean Pene Variance 
Irate Time Rate, ature, °F Psi tration. In Sq in Range, In ' 


emarks 


Furnace No 


60 O04 900 16 410 16 4 47 t ‘ 
80 004 900 16 402 74 Atte 
60 000 a50 16 44 to Hetore 
60 004 ASO 16 416 934 4 Atte 
60 aso 41 2 2 t ‘ Hefore 


Furnace No 
000 1000 18 228 og 
17.000 1ooo zi‘ v4 t 
68,000 450 2 
68.000 28 59 


000 


1,000 
inn 
000 
+000 
000 900 17 202 
000 

000 
000 
000 
000 
ooo 


n the curve of raceway size against tuyere size. If was smooth. It would seem to mean that in furnace 
t happens that a furnace is operating on the flat 1, 2, and 5 there was some variable that from time 
part of these curves, changing tuyere size will have to time influenced the size of the raceway so a 
ttle effect. On the other hand, if the furnace hap to make it more variable The most obvious cause 
pens to be on the steep part of the curve, a change would be some minor hanging. There reason to 
n tuyere ize will have a major effect This may believe that interruptions to the mooth flow of solid 
explain, in part at least, why there is considerable can occur in such a way that the irregularities are 
controversy among operators about the effect of ironed out within the stock column and do not show 
tuyere size in the stockline movement 
Variance of Penetration Experiments with models have been carried out 
So far only the average penetration of all tuyere in the laboratory in which coke particles were fed 
it a particular time has been considered, but the continuously through a simulated furnace to stud) 
variation in the data that make up these average the solid flow condition. In these model it wa 
of interest. This variation is best studied by calcu found that when a furnace started to become rough 
ating the variance of the readings. The variance | the raceway no longer remained the same ize but 
1 well-known statistical function, which has the increased for a time and then collapsed, only to in 
dimensions of the quare of the dimension of the crease again, It therefore cemed reasonable that 
ndividual reading It was found convenient to use a smooth blast furnace should be characterized by 
the original penetration measurement in inche reasonabl teady racewa ize and a rough one b 
for this part of the investigation. Therefore, the irregularities in the raceway siz 
variance is given in quare inches. The variance In view of this information, further data were 
for the readings for the different furnaces are given obtained on furnace 5. Th new test work covered 
n Table II for furnace 1 through 5, respective! a period of six da and probably represent the 
lhe average variance for each furnace is also shown most thorough study ever made. The variance of 
The average variance of 7.31 sq in. in furnace 3 wa the individual readings has been plotted in Fig. 5 
much le than that of the other furnaces of simila: as a function of time This figure how that the 
aygnitude, varying from 12.6 to 15.4 sq in. Sines curve of variances against time wa omewhat 
t was reported that furnace 3 was the moothest irregular, as would be expected. However, it con 
vorking furnace, with furnace 5 the roughest, there tain ome notable peaks, the first occurring at 4 
ome confirmation of the theory that the variation a.m. on Sept. 7, 1955, At noon on Sept. 8, 1959 there 
n the raceway size is a measure of roughne of eemed to be uncertainty. At midnight Sept. 6 to 


Sept. 9, 1955, there was another peak, which wa 
Next. the variances were checked to see whethe much broader or longer in duration. It was followec 


the changes in variance for each particular furnace by a valley, which in turn gave rise to a slow, stead) 


could be assigned to chance alone. If not, it could rise over more than a 24-hr penod, culminating in 
( onabl te expected that there is some facto! a high peak and idden drop to the lowest point 

nfluenci the performance of the furnace that observed 
caused the differences in variation. The test is know! Again drawing a parallel with the model experi 
as Bartlett’s test for homogeneity. The results ma‘ ments. it has been observed that if the solid charged 
be expressed as a degree of significance. An insignifi to the model contains excessive fines there is a tend 
cant re ult means that the amount of difference can ency for the raceway to become irregular and the 
»babl be assigned to chance alone, whereas a fine to accumulate in the center of the furnace 
ficant result means that probably some other Perhaps something would change lightly and then 
factor causes the differences. It was found that onl) the furnace would appear to work smoothly for a 
furnace 3 was insignificant, furnaces 1 and 2 were while. although the center above the deadman wa 
high nificant. and furnace 5 was very highl not in good condition. It would not take much unde 
TI checks with the observation that furnace these conditions to make the furnace rough again 
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xplained in the main report. The lines shown 


ce nul Mieently for the raceway to become or the furnace were obtained by assuming that 
ef ivh for a large amount of the deadman to this relationship held 

. re the hat cn iposed In th i poor’ Consider a case where all variable except the 

s mate Hin the center of the furnace would be liameter of the tuyere D, are held constant, except 

‘ nd the furnace would be worki ict that the total volumetric wind rate is held constant 

Ut on tie ute il, With th bach ither than the linear velocity. Then the terms on 

! mind, there i question as to whethe the right-hand side that will vary with D are V and 


where 


number of tuyeres and W is the actual 
volumetric wind rate. Grouping al! variables that 
are independent of D, with K, to form K, give 


the 


ibout equall 


furnace 


D 
Summary and Conclusions D 


foOnce the model result ine accepted i molicable 
to the blast furnace, the effect of different variabl rhe slope of the curve of D against D, is obtained 
lithe: tis ollow 
e can be calculated Although a at lifferentiating hq ~ foll 
rien dence on th opt coy 4 
hie i i i dD K 
ha hown that changin to la er tuvere t K [3] 


dD 


It al oO po ible to find the value of D, corre pond 


coment between the model work on race j If 
oOominimum racewa‘ ve 


thre lope i equated 


il ed out Vithout combustion and the enormou 
— D,) \ 


elease of ener bye expected te ifTect the 


imcellation 


of different effects but it would seem that the model Writing out Eq S}and 4 in full, that 1 ibstituting 
rK cannot be far wron This of tteelf i cor for K ve lope 
derable ten forward 
etait cannot be taker oved that there 


it} elation between 


K 


diameter for minimum raceway size 


i i control 


mean could be tried t muicht ive 8.49 K p K 
“ivanece information on furnace trregularitie \ ( ) ( ) s : ) 
p 


p A 


Appendix. Calculation of Slope of Curve of Penetration 
As a Function of Tuyere Size 
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‘ whieh 1? condition lowl de eloped It A n D 
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\fter studying >», it not surpr ny to 
that the ance when tested for homogeneit 
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Differential High-Temperature Sulfatization 
Of Cuyuna Manganese Ore 


This paper is confined to a discussion of some of the experimental work by the Bureau of Mines 
metallurgical staff at the North Central Experiment Station, Minneapolis, and in particular to a 
progress report describing a sulfur dioxide-air roast process now under development on a small 
pilot-plant scale. Although individual steps of this process have been carried out successfully on 
a unitized basis, further investigation will be required on a variety of manganese-bearing mate 
rials from the Cuyuna range, Minnesota, to obtain the data necessary for designing a continuous 
process plant. Only the Cuyuna carbonate slate formation has been studied on a pilot-plant scale 


by Charles Prasky 


BOUT five years ago the Bureau of Mines began 
A a study, at Minneapolis, of the various method 
for beneficiating the low-grade manganese deposit 
of the Cuyuna range. Several samples of green ca! 


bonate late from the Cuyuna range, containing 
about 7 pet Mn and about 28 pet Fe, were obtained 
for thi tudy in the cat 


bonate slate formation were 


The component mineral 
Oo intimately associated 
uitable for 


manganese to a ferrograde product 


that mineral dressing methods were not 
concentrating 
Although upgrading of manganese and iron mineral 
ha been effected by flotation methods, it appeal 
that manganese cannot be separated from iron ex 


cept by chemical means. Because the flotation studi 


at Minneapolis were carried out simultaneously 
he hydrometallurgical 
was available for proce testing 


An important economic consideration in 


tudies, only crude slate 
electing 


any one of the several chemical methods proposed 
ferrograde manganese is the avail 


Fortunately 


for recovering 
ability of the chemical reagent large 
ulfur are available on the Cuyuna 


ade posit 


tonnape ol 
range in low-grade pyrite and pyrrhotite 
that are readily concentrated by flotation to a suit 
able feed for a sulfide roasting furnace as indicated 
by a Bureau of Mines investigation in 1950-1951 
ulfide concentrates 1 
There 
were employed in re 


The asted residue from the 
ource of marketable iron oxide 

ulfide deposit 
utilization of two heretofore 


a potential 

fore, if these 
covering Manpanest 
inused mineral deposits would be accomplished 


Laboratory propo ed 


investigation of everal 
leaching processes were made as a preliminary step 
in the investigation of ydrometallurgical method 
for the treatment o ‘uvuna carbonate late using 
From results obtained 


ulfur as a chemical reagent 


C. PRASKY. Member AIME, is with the U. S. Bureau of Mines 
North Central Experiment Station, Minneapolis 

TP 4383D. Manuscript, Feb. 20, 1956 

Papers by authors on the Bureau of Mines staff are not subject 
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in the laboratory tests, these leaching processes did 


not appear entirely suitable for treating Cuyuna 
carbonate slate 

The method developed at the North Central Ex 
elected for intensive 


been termed the differ 


periment Station and u more 
pilot-plant investigation ha 
ential high-temperature sulfatizing proce 

Essentially, this sulfatizing proces of the 


following steps, described in the order in which the 


consist 


mall-seale pilot-plant investigations were made 


rhe first and perhaps most significant step in the 


proce consists of a sulfate roast. Carbonate slat 


is roasted in an atmosphere of sulfur dioxide pa 
and all The overall chemical reaction for convert 
ing manganese carbonate to a sulfate at a high tem 
perature in a sulfur dioxide atmosphere follow 
MnsQ, CO 


64,180 cal per 


SO) () 


. 
(SH 


avoided 


The need for concentrated sulfurie acid | 


Fine prinding is not essential. Removal of carbon 
from the slate during roasting 


tructure and permits easier permea 


dioxide produce a 
more 
tion by the sulfatizing pa 
limits for thi 
established as 600° and 850°C. Iron 
formed at these 


converted to a 


porou 
mixture. The temperature 
conversion of manganese have been 
ulfate is un 
temperature 


oluble 


table and | not 


phosphorus is not 


form; and polythionates are not formed 
iunply of 


The second step in the proce consist 


a water leach of the sulfatized product. Manganese 
ulfate in the ulfatized 


Wate! Iron pho phoru 


product is dissolved in 
and calcium remain in the 
leach residue as water-insoluble product 
The third and final 
manpvanest Oxi 
ulfate leach solution. Water is evaporated from the 


olution, and impure monohydrate crystals of 


te p of the recovery 


of fterrograde ae from manganese 


each 
manganese sulfate are recovered, The moist crystal 
are formed into pellets or extrusions and thermally 
ferropradte 


decomposed to produce a 
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Fig 1—Schemati drawing of 
shaft furnace 


fing order, there is a 6-ft calcination 


top, a 12-ft sulfatization or reaction 


Eneireli 


5-ft soaking or cooling zone 


at the bottom of the calcination 
burnet 


furnace zone 


combustion box fired with two ga 


idies of the dif combustion gases are introduced throug! 


vere conducted n the refractory lining of the furnace 
teel retort, su us enters the furnace through the 
manifold at the lower end of the 12-ft reac 
and passes upward through the furnace 
current to the descending carbonate slate 
ial is discharged from the botton 


by means of a modified travelin 
ve continuou test were made 
A burden of ‘y-in. pelle 


mesh carbonate late wa 


four test and 
was u in the fifth te 

fed into the top of the haft 
uted to a temperature of not 
the hot charge descended tt 
was treated with sulfatizins 


exceeding one and one-half time 


nanganese equivalent in the char} 


product, which contained about 


© a water-soluble mangan 


tored for ubsequent use 


tude 
After operating temperature 


had been reached in the furnace, | 
fired 


(600 


necessary to operate the ga 
tain temperatures. The heat of reac 
e, treated with a countercurren 


ingg ga wa ufficient§ for 


‘ ilfate ustaining reaction 

considered Several tons of an acceptable ulfatiz 
were stockpiled for leaching tudi In hi 
initized approach adopted | 
velopment of the sulfatizing 
the ulfatizing furnace wa 

intensive investigation of 

ubsequent 


proce Oper. 


ed 


while a more 
f sulfatized products and the 


‘ 


tion of a ferrograde manganese produ 
leach solution was undertaken 
Preliminary pilot-plant leachir 


ulfatized products were made in 
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a 
turned to the ilfatizing furnace thie and 
f ov bee briefl how these ley vere ap 
edon a unitized t to the pilot-plant stud The 
Mreliminal mill cult bate! yur port 
ferent ilfatization step ilfatizin 
‘ it ill heated tui ‘ ‘ 
pended from a torsion balances I} tion zone 
creo? i eproduction of la ‘ counte 
thie could tee mice i muct ilfatized 
isetul to trie thre ful 
ere il el ‘ init iifur adios linncle nist! 
: ied in the sulfatizir is mixture to expedite fF vith this fur 
thie ite nvest ilfur nace prepared fron 
is that could be eadil produced fit mesh carbonate 
hotite concentrate ter the ! iterial 
Ait? ial i tluidized type furnace Nia 
i ere ndicuted f trie ! reaction bie we than 480 ¢ 
exte ill rie teal furnace Ni iViill A igh the furnace 
tile ff int vitl dapta it nan amount not 
tien al ilfatizing tests in tl $-in. b the storchiometris 
Tt ene irnaved continuation of the tud The fischa ed 
Products from the continuous test contained 85 (0 in pilot-plant leachit 
YO pot nanevunese us the oluble ulfite 
ition of the furnace product and manganese t was no longe! 
iti iveragved about 25:1 The ratio of man inne to main 
4 itierne | on ! thie ilfatized material before on of carbonate 
vas 0.25:1 t flow of sulfat 
About 48 pet of the sulfur dioxide entering th | ntaining a self 
fer vil ecovered a oluble mar ane 
It it ition of sulfur dioxide wa product 
tisfact n view of the short column with the 
treated llowever, the need for a la ce 
real te ‘? it thie ulfat tion ot 
it practical Da Vil ndicated yoraril 
reparation were therefore made fo leachin 
nd conmstructir liam eylinds produc 
furnace othe Mune Experiment Building, on the from the 
Unive tv of Minne ta campus (Ff 1) 
Thy efract ned, 2 ft, evlindrical column of t or the 
vertical furnace contains three In ce cubber-lined 
® 


upitalo Manganese ilfate im Ube ulfutized cal 
onate late was dissolved completely when leat head 
vith water at room temperature Phe separation ot 
10 to 20 pet manganese sulfate solution from the 


leach residue by vacuum filtration was too low 
however, due to plugging of the filter cloth. To 


facilitate operation , a DOX filter was constructed and 


ised as a combined leach tank and filter. A charge 
of 6-mesh sulfatized ore and water was agitated 
by forcing compressed air upward through the filtel 
cloth and ore The ore charge was agitated ull 


mently tol good leaching and stratified so that, upon 
reversal of alr pre ure. the coarse traction of the 


charge was in contact with the filter cloth The 


filtering rate Was very rapid under these condition 
lo « Kpedite pilot plant Ope ration leaching equip 


ment was improvised for a more continuous opera 


tion. Five 20-gal wooden barrels, each containin} 


225 Ib of 4 -1n +6-mesh sulfatized slate, were 
connected in serie Fresh water was added to the 
top of the slate in the first barrel, and the percolat 
ing leach liquor was removed by gravity from the 


bottom and added to the top of the next barrel in 


the series. Pregnant leach liquor was recovered from 


the fifth barrel in the countercurrent system The 


ulfatized slate, containing about 6 pet soluble man 
vanese. was leached at an average rat of 28 Ib pe! 
hr: 0.66 Ib of fresh water was required fot each 
pound of slate. Leach liquot contained 102 gm Mn 


per |, and the coarse leach residue retained about 
0.06 pet of soluble manganese. A feed material con Fig 2—6in diam shaft furnace used in calcining sulfate 
isting of }y-in ulfatized pellets was leached pellets 
with equal efficiency in thi imulated counte! 
current-percolation system 
The recovel of manganese ulfate monohydrate 
ervstals from solution and the evaporation of wate! 
ere accomplished in a gas-fired ubmerged com 


tion unit which was constructed in the hoy 


evaporator cons! ted of a insulated 


teel. evlindrical tank with a conical botton 


vhere the manganese ilfate leach liquo Wid 
heated by the submerged burner to an average tem 
perature of about 90 ( Two openint at the top 
if the tank provided an enti for the burne and 


the exhaust vase Thermocouple 


merecul vitch Wa ised to control liquid 
level in the tank. During operation a hot slu ot 
t and concentrated leach liquo! 


vere removed tror an 


bottom of th tank onto Vi uur 
ne rected — Fig 3—LEFT Improved shaft furnace for calcining manga 


Glter n th ank ; mbls 
ilter mounted directly below he ane aba nese sulfate pellets RIGHT Shatt furnace for sulfatizing 


VMnSO.-H.O erystals remained on a Canvas fite! and manganese with sulfur dioxide gas from calcination furnace 


the filtrate liquor wa returned to the evaporatol 


During operation, the gas-fired tainle tee! 


burner was completely ubmerged in the liquot the filte cake when air-dried. formed a hard 


Che burner consisted essentially of a 2'%-in. dian lense. cementlike product that may be fed to a shaft 
8-in. long cylinder, which served as a con bustior furnace 
hamber. Combustion gases were exhausted throug! In the decomposition studi of ilfate pellet 
hot in the bottom of the combustion chambet! rade na muti halt turnace (Fi thie ulfate 
and bubbled through the liquot! A staink tee! pellets did not melt o tick together Over 95 pet 
velocity tube connected the top of the combustor f the sulfur was removed, and the SO, content of 
chambe vith a flowmuxer to which air and natural the exhaust ase wa 7 pet A second pa through 
a were ted the furnace reduced the ilfur content of the pe Het 
fhe MnSO,-H.O crystals obtained by vacuun toy about 0.2 pet. and the fired pellets contained ove! 
filtration of the hot slur! from the evaporator con 0 pet Vn with a Mn: Fe ratio of about 25 | 
tained about 15 pet of moisture and were plasti At mproved shaft furnace de ned for the de 


nov 


lf pellets and Kt! t tion (Fi 4) Future irnace tudie Will in 


carbon to increase the 
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next 
installed to record pa leach solutliolr and 
lice) te erature A floating valve with 
: 
enough to be formed int ‘ i 
an extrusion press. Both 
ion have been prepared The pellet or extrusion jude the ele aaa a“ & 
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Papers Requested For 
High Temperature Meet 


The AIME, IMD High Tem 
perature Materials Committee 


I ponsoring a symposium at 
the Second World Metallurgical 
Congre in Chicago, Novem 


ber 1957. The topic of the sym 
posiun l The Relation of 
Structure to H gh Temperature 
Properties. The Committee can 
ise manuscripts dealing with 
the stability of microstructure 
at high temperature truc- 
tural changes during high tem- 
perature service, and the effect 
of different structures on high 
temperature properties. Paper 


ibmitted to thi ymposium 
may also be ent to the AIME 
for publication in the usual 
manner. A 100-200 word ab- 


tract of pape! for presenta 
tion should be sent by May 15 
1957 to R W. Guard Alloy 
Studie General Electric Re- 
earch Laboratory Schenec- 
tady, N. Y 


High-Temperature 
Materials Conference 
Set April in Cleveland 


High-Temperature Materials is the 
ibject of i two-day conference to 
be held at Hotel Carter, Cleveland, 
April 16-17 1957, under the ponsol 
hip of the AIME Cleveland Section 
The High-Temperature Material 
Committee of the AIME-IMD ha 


cooperated in planning the technical 


classe of materials that are attrac- 
tive for use at 1500°F in aircraft, 


rrissile ind nuclear reactor For 
each cla the present tatus of de 
velopment, basis of trength, prob- 
len and shortcoming and future 


ill be discussed Additional top 
include the effects of vacuum melt 


ing and testing environment on high- 
temperature propertie 

Fach major topic will be um- 
marized a“ competent iuthority 
followed by contributions of recent 
research ol re ilt of rose arch in 
progre Among the major topics to 
discussed are cobalt-base and 
nickel-base allo. refractory metal 
cermet ind ntermetally 


This conference will be of signifi 
cant interest to engineers and scien- 
tists working in the aircraft, missile 
ind nuclear field The need for 
higher operating temperatures make 
the design and development of new 


material imperati ‘ 
A fellowship hour followed by 
dinner will be held on Tuesday eve 


An 18-ff. all SHAMVA roof laid up for a 50-ton electric furnace melting alloy steels 


In electric furnace operations 


SHAMVA MULLITE GIVES 
YOU OUTSTANDING SERVICE 


“Shamva’”’ Electric Furnace Roof Brick is a coarse and open type 
refractory, giving you the extreme spalling resistance necessary in top 


charge electric furnace roofs. 


@ High fusion 

@ High softening point 

coefficient of expanse 

at 3000°F. Preheat, A.S 
/ 3000° 

3.1%, at 3000 

aring stren th 

High M. test) | 

| rater furnace efficiency 


Low heat conductivity for gre 


With “Shamva”’ Mullite Brick, roof life and production increase, 
down time and labor costs decrease 
Let our field engineers assist in your refractory installation 


point (3335° F.) 

(over 3000° F’.) 

n (3.66 x per 

TM. test) 


e Low 
Anti-spalling (0.7% 


Mullite Works, 
Laclede-Christy Division, 
H. K. Porter Company, Inc 
Shelton, Conn. 


WRITE TO: 


Distributors in principal cities 


MULLITE WORKS 


LACLEDE-CHRISTY DIVISION 


H. K. PORTER COMPANY, INC. 
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ferred 


ver of manutacturing 


didate for the doctorate degree 


B D THOMAS 


B. D. Thomas has been named di 
rector of Battelle Memorial Institute 
A member of the Institute execu 
tive and technical staff since 1934, 
Dr. Thoma Na appointed a istant 
director in 1942. His activities have 
nceluded the organization and direc 
tior of tJattelle first chen cal re 
earch division in 1939. the establish 
ment of research laboratories abroad 
ind development of the Institute’ 
recentlh completed nuclear research 


center 


Howard F. Jelinek recently joined 
the Metallurgy Div Argonne Na 
tional Laboratory Lemont Ill] a“ 
an a tant metallurgical engineer 
Mr. Jelinek received a B.S. degree 
in metallurgical engineering at the 
South Dakota Schoo! of Mine and 
Technology in June, 1956 


Murray J. Miller has retired from 
Republic Steel Corp., Gadsden, Ala 
with which he had been associated 
for 33 year to set up his own con 


ulting service 


Robert C. Meyer, formerly with The 
Anaconda Co Grant N M I now 


vith The American Smelting & Re 


fining Co El Pa o Sme Iter Work 
Texa 


Clyde Wyman, former chief metal! 
lurgist, Burnside Steel Foundry Co 
Chicago now vith Vulean Steel 
Foundry Co., Oakland, Calif. In hi 
new post Mr. Wyman will be man 


iver of product deve lopn ent 


Ray Coulter is the new mana 


Agricultural 


Chemicals Div American Cyanamid 


New York 


John W. Farrell ha completed hi 


tudies at the University of Wiscon 
in, Madison, and is now a junior 


assistant metallurgist for the Electro 
Metallurgical Co 
N.Y 


Niagara Fall 


Donald L. Stephens is currently en 
rolled in the graduate school, Carne 


e Institute of Technolog is a car 


Ms in Chicago 
| rp n Kokom 
fg where he is a tant chief engineer > 
charge of er conductor research 3 
4 . fessor of metallurgical engineering 
it the University of Utah, Salt Lake 
City now at the Central | 
Fitting Co Hranford ( 
proce el nee! had be 
metailur it M nneapoli 
¢ 
l 
rewe ‘ = 
é 
KG 
a 
land, Australia H H BLOSJO 
‘ 
BLAST FURNACE 
4 
SMEETH -HARWOOD COMPANY 
; also Brass and Bronze Mill Castings = 


C A RODGERS 


Clyde A. Rodgers has been named 
ussistant uperintendent of oxygen 
teelmaking production Kaiser Steel 
Corp., Fontana, Calif., in the first 
tern plant to produce high qual 
teel by injecting pure oxygen 
into molten iron and scrap. A grad 
uate of Ohio State University, Mr 
Rodgers came to Kaiser Steel in 1946 
from Youngstown Sheet & Tube Co 
Ohio, where he had been metallurgi 
cal observer and engineer im the 
open hearth division for 11 year 


R. G. Bowman, formerly with The 
Anaconda Co., Anaconda, Mont., ha 
oined the staff of Behre, Dolbear & 
Co N. Y 


R. MADDIN 


Robert Maddin, professor of metal 
lurgy, University of Pennsylvania, 
has been appointed director of the 
School of Metallurgical Engineering 
Dr Maddin ha taught at New 
Haven Junior College and John 
Hopkins University, and was a visit 
g lecturer at MIT and the Univer 
of Birmingham, England. For 
the past ight year he ha been 
tudying the deformation and recry 
tallizaion metals for the U. S 
Office of Naval Research In 1956 
Wa awarded a research con- 
tract with the AEC for work on the 
effect of plastic stresses on diffusion 


OXIDES METALS SALTS 


MICHIGAN CHEMICAL CORPORATION NOW 
PRODUCES RARE EARTHS in large quantities to 
exacting purity specifications. New research and plant 
facilities staffed by scientific and technical groups, com 
bined with the company’s fine chemicals and pharma 
ceutical units, have made possible this progress in rare 
earth chemistry and metallurgy 

Research facilities and personnel are available to help 
science and industry in the development of Rare Earth 
oxides, salts and metals applications 

Write for information on availability of MC Rare 
Earth products and for technical data sheets on their 


characteristics 


© R€.56-4 
"Trademark 


MICHIGAN CHEMICAL CORPORATION 
558 North Bankson Street, Saint Louis, Michigan 


{ULIUM EVBIUM HOLMIUM DY SPROSIUM TERBIUM 
NIUM EUROPIUM SAMARIUM YTTRIUM 
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Robert J. Met O'okiep Copper 
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technical de part 


Utah operation 
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Max C. Farmer has been appointed 


technical director of the seryllium 
Corp., Reading, Pa. Formerly general 
uperintendent of the corporation, 


Mr Farmer joined ALC( JA asa ist 
ant chief, Engineering Div., in 1947 
He has been serving a taff metal- 
lurgist, Materials Advisory Board, 
the National Academy of Sciences, 


Wa hington 


Arthur G. Metcalfe is supervisor of 
physical metallurgy at Armour Re 

earch Foundation, Ilino: Institute 
of Technology, Chicago. Dr. Metcalfe 

vho was metallurgist at the Hard 
Metal Tools Co., Coventry England 
prior to joining the Foundation, will 


upervise research in magnetic and 
emiconductor material 


GIESELMAN 


Richard F. Gieselman has resigned 
his position as supervisor of quality 
control in the Ordnance Develop 
ment Dept., Eureka Williams Corp., 
Bloomington, Ill. He is now in the 
Plant \pparatu Dept Westing 
house Electric Corp., Pittsburgh 


John Chipman, past chairman, AIME 
Iron and Steel Div., will deliver the 
$list Annual Priestley lecture at 
Pennsylvania State University, April 
1-5. Dr. Chipman, who is head of the 
department of metallurgy at MIT, 
will discu Chemistry in the Metal- 
lurgy of Iron and Steel 


J. CHIPMAN 


John M. Parks left the Research 
Laboratory Air Reduction Co Inc 
M irta Hill N Bua to join the Lin 
j coln Electrie Co.. Cleveland 
Fred T. Inouye associated with 
4 ps -_ North American Aviation Inc., Dow 
| . re Calif., as metallurgist. He had 
been with , Dept 
of the Navy _ 
John ©O. Hilliard has become blast 
furnace consultant for Companhia 
Siderurgica Nacional, Brazil 
resigned his po 
‘ae ition as chief metallurgist at the 
ot 4 Sas M. W. Kellogg Co., Jersey City, to 
\ et up his own consulting office in 
New York 
Thomas P. Philip resigned from 
Nababeep, 
eneral mager of Missourt Refrac C. P., on of South Africa. He 1 
‘ eer Los Angel will remain in Tueson, Ariz., where he will at- . 
head of the firm while acting a tend the University of Arizona for 
eners Atlantic Div the next few year 
Mi ‘ Kefractort Co Prior to 4 
Mr MeCart was enpaper 
H prof onal America, Hender on, Nev is now 
ee Di cot hc nelude AIME. ASM and chief me tallurgist, Allen Manufac 
ppomted executive vice president 
j } iteeneva Steel Div U S d ‘he 
teel Corp. Formerly vice president a 
the Geneva Steel Co. and Columbia 
Minit hie haa been in 
’ pee the division operation 
‘ 1955 Mi Westhaver jomed | 
| ¥ 
Prederick Weil recently joined —_ 
4 thie Div \merican 
1 Mi Co, Redwood Cit 
} bear i eseurel i taunt and 8 
luate st, vent at Massachusett \ 
Institute of Technology ¥ 
j H CZYZEWSKI 
Harry Czyzewski, president and 
a founder of Metallurgical Engineet 
ie Inc., Portland, Ore., is the new pre — 
ident of the Professional Engineer: 
j 1 of Oregon M: Czyzewski who 4 
earned his B.S. and MLS. degrees in 
. metallurgical engineering the 
University of Illino: belonged to 
_ f many scientific and academic honor A 
of AIME’s National Award Under 
. vraduate Pape r Contest. Prior to or 
Caterpillar Tractor Co., Peoria, Ill 
N W. GRIFFIN was for two years assistant pro 
fessor of physical metallurgy re 
Noel W. Griffin has become work earch at the University of Illinois, 
‘ Eastern Smelting Co Urbana 
Ltd, Penar Malaya. He had beer 
tallu engineer with the 
fractories Co., Latrobe, Pa 
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John F. Richards has recently joined George H. Enzian has transferred 
the Research and Advanced Devel from the metallurgical research di 
nent Div Avco Manutacturin; vision, Jones & Laughlin Steel Corp 
‘orp., Lawrence, Ma a uper Pittsburgh, where he had been a: 
isor of metallos raphy and associate tant manager, to Gateway Center, 
cientist in metallurgy. Mr. Richard the company’s main headquarters in 
been assistant uperviso! Pittsburgh 


graphy, Atomic Energy Di J. Monaghan has been transferred 
~<a. Electric Products Co ; from Union Carbide & Carbon Corp., 
N. ¥ New York, to the company ottice 
B. Sawyer has resigned his post n Geneva 
Cleveland, to head Sawyer Research Casting to join 
Products In Eastlake, Ohio the taff of Crucible Steel Casting 
Edward J. Ramaley has recently be Co. Cleveland 
come associated with the Glenn L 
Martin Co in Denver Colo Ile Robert C. Brinton has been promot 
vas formerly an engineering con ed to smelter superintendent, White 
ultant on manufacturing problem Pine Copper Co., White Pine, Mich 


C. M. SQUARCY 


C. M. Squarcy has been promoted to 


manager of iron production, Indiana 
Harbor Work lt 
igo, Ind 


tendent of the I 


‘ 
hi 


W. Philbrook 


i ociate prote 


LOOKING FORWARD 


Paul R. Kruesi ha 


tl proce qaiy lor V 


inager of researe \ fired the minds of forward-looking men 


in the cor 


when she churned up the Hudson 


Ldward G. Counselman | been ap 
( 

pointed Washington representative In 180% 
H. K. Porter Ce Ir Pitt 

to Porter rom the om . 

Io the House of Wiley, founded that same vear, 

the Clermont’s voyage opened up 


a new and exciting frontier in publishing 


If America were to exploit her new industrial age, 
pioneering books would have to be provided 

It is this demand yreater in 1957 than ever 
that Wiley has been meeting successfully 


for one hundred and fifty year: 


Today, the ¢ lermont atom powered yranddaughtei 
lips through the seas 
the scientific community continues to expand 


and, planning for the future, 


John Wiley & Sons looks forward to publishing 
an ever-vreater number of distinguished book 


in all areas of pure and applied science 


t ! nee The 


it 
John F. Thomp 


board ot? 


JOHN WILEY & SONS, Inc. 
,40 Fourth wie, New York lh, N 
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International Nicke ha innounced 
tior i Cu project : 
orthe Manitoba, Canada onsti 

tutit the i est | ent 

son, cha 
pleted cul at ervice 
ri ell as t town plant a 

te ifte Dr. Thompso ) 
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Kichard BE. Westerm: 
kdwin J. Westerman 


t Her 


Jacob W. Cox by 


‘ ite 


ilso aided in the organization of 


Member 


HEENSE NTE WENT 


student te Member 


5886 


Geopl cal Service Ine Another 
OBITUARIES | service ‘company, Cor 
Laboratori Inc Va formed at hi 
tigation After he resigned a 
Board Chairman of Amerada, he or 
inized his own small company, the 
Everette Lee DeGolyer Atlat] Rovalt Corp where hi 
on b p iry interest lay in exploring for 
new oll field Although he was in 
Agntor trumental in organizing a number 
er lHionorar’ f companie engaged Variou 
ha in of phases of the petroleum industry, he 
MacNaug! ich preferred to study and analyze 
petroleum | ind explore ituation rather than 
of mar CO handle administrative detail In 
petroieut ind 1936, Le is W. MacNaughton joined 
lied at } office vith hu is consultants for the pe 
1956 troleum industry This association 
i iffectior i formalized under the name of 
il friends a DeGolyer & MacNaughton on Jan. 1 
ct. 9. 1886. of 1939, and Mr. DeGolyer remained 

f th t enior member of 


al il neat ‘ 


! i deatt 
rest in geole During these years, Mr. DeGolyer 
he attended the ilso devoted much time to a wide 
i During h variety of other activitse He wa 
vorked witl Distinguished Professor of Geology 
the attention of it the University of Tex: in 1940 
thereafter, Dr nd was with the Petroleum Admin 
then building the tration for War in Washington for 
Mexican Eagle over twe cal He also served with 
ed hin to jou tre Inte: tute Qi) Compact Commi 
iduation. While in on, National Petroleum Council 
yer taked the Militar Petroleum Advisor‘ soard, 
the Potrero Del Llane and the AEC Advisory Committe 
1 vorld’s largest on Raw Material He was a mem 
rned to the Univer ber of the Council and a fellow of 
ited witl i BLA the Geological Society of America, a 
ifter which he director of the American Petroleum 
f peolo t of Institute, and one of the founder 
‘o. Lid ind a past president of the American 
onward, |} ol Assn. of Petroleum Geologist Last 
vas displayed u year he was appointed regent of the 
he I pe a mithsonian Institution by President 
Petroleum Corp Fisenhowet 
if ubsidiary Mr DeGolyer association with 


AIME Va a long and active one 


ent to the far if the e Everette Lee DeGolvet 


Memorial Resolution 


EVERETTE LEE DEGOLYER 


Lee DeGoly Dalla 
56, the American Institute f Mining 


t 


mo 


of the 


ion 


bye portant 1 co ope! of many 
iltant 


id rece d the Anthony F. Lucas Medal in 1940 and 
John Fritz Medal in 1942 fe | ion and leadet 


exploration 


Metallurg! 
0 


f rther 


ree friend. and member: and he 


AIME Board of Directors 
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tude) elaer Pe 
techy Irnotitute Ire N. ¥ here 
for a PhD. depres 
tee! & Wire DD teal ¢ 
ted th the 
te thye ntendent Mi 
te nd Wire Worl ! 
one 
Carl Garr transferred te 
Power D Plant pa 
i ‘ rie ‘ ‘ qr 
‘ ret if esearctl Ml 
¢ | titute of Techne ite 
Lh 
rie 
pul 
Mr. 
MEMBERSHIP began ever 
tly ‘ ‘ 
i 
Membershty the USG ut 
j Hlave why 
. eolo eul 
(nl Co. ltd 
L\OMISSIONS COMMITTEE 
tall bes 
mom ‘ AA 
Hrinke Mexico M 
oD ro cation for 
oil wells. He 
f ind Wa 
vil ippoiw 
Mexican Ba 
i i! tional 
of h 
‘ four the Ar 
G G 
, n and 
the Geophysical Research Corp. He eC 
Associate Member m | 
Metallurgica ind Petroleum Enginees ha lost one of if | 
listinguished membre and 
h WHEREAS, Mr. DeGolye vas, during his entire career, onc 7/7! 
Junior Member ost nent ‘ M nd Petrol 
explorat tool 
CHANGE OF STATES th field: and 
te Member VHEREAS had hee ber of The Americar Institute of 
: M I Metatlu i ind Pet eur Enginee! nee 1914 and an 
| ‘ Mi bee nee 195 ind had se« ed a i director of the 
Institute fh 1921 to 1926 and from 1928 to 1929, and was president 
A f the | titute in 19 
} 1 reas ed the 
p in developing and applying the art of geophysical Eh; 
tharefore he it 
: RESOLVED, that the American Institute of Mining _. 
Petroleu Engines cord th deep se t thi 
‘ RESOLVED. that tl tt meet- 
‘ «eA Leet, tif ut 
957 


and he contributed some 50 papel! 


to AIME publicatior A member 

nee 1914, he wa i director fron 
1921 to 1926 and from 1928 to 1929 
He Wa the first chairman of the 
Petroleum Div 1923-1925, and i 


president of the Institute in 1927. He 
received the AIME Anthony F. Lu 
cas Medal! in 1940 and the John Fritz 


Medal from the Four Founder Soci 
ties in 1942 for vision and leader 
hip in developing and applying the 
irt of Cal CXPIOl 
1951 he vas elected an honorat 


member of AIME 

Mr. DeGolyer received many othe 
honor including the following hon 
orar\ depres Doctor of Science 
from the Colorado School of Mine 
Southern Methodist University Tu 
lane University and Washington 
University Doctor of Law from 
Trinity College; Doctor of Engineer 
ing from Princeton University; and 
Doctor Honor) (Causa fron thie 
University of Mexico. He was a re 
cipient of the Sidney Powers Memo 
rial Award of the American Assn. of 
Petrol im Geologi t ana al re 
ved the first Distinguished Service 
Citation from the University of 
Oklahoma 

Mr. DeGolyer rare capacity for 
int plify ing comple probler 0 
that they could be readily handled 
influenced the thinking of many 
friend and a ociats Like NV ise hi 


unusual ability in applying new con 
cepts and methods to practical use 
ha had, and will continue to have 
a lasting effect on the petroleum in- 
dustry Constant curiosity and love 


of research made his work a real 
pleasure to hin ind the result 
brought him much fame and succe 

These qualitic vhich timulated 
those around him to the full utiliza 
tion of their talent et him apart 


from other men 

Mr. DeGolyer | urvived by hi 
vife, Mr Nell Goodrich DeGolyet 
three daughte Mrs. John S. Max 
on of Dalla Mr George C. Me 
Ghee, and Mr Milton Arnold both 
of Washington, D. ¢ ison Everette 
lL. DeGolyer, J: of Dalla ind 13 
grandchildre: 


Albert E. White (Member 1919), rr 
tired director of the ker neering 
Researct Inst Ur ersitvy of Mich 
van, died on 18. 1956 Born 
Plainville Ma on March 12, 1884 


n Ur 
estowed upor 
hur the |} oral legree of Doctor 
of Science \fter a ye of graduates 
york in engineering at Harvard U1 
ersit M: White oined the re 
earct depart: ent of Jone 
Laughli Steel Ce vhere fhe 
n cna oft esea nh or ore 
flue just and fire Ir rhe 
ned the tacult f the Uy ‘ 
of Mict i! i fu pre 
fessor in 1919. Durir World W I 
he was head of the Inspection D 


\ past member of in metallurgicé 


metallurgical et 


J. Preston Irwin 


NECROLOGY 


Prank Eichelberger 


PROFESSIONAL 
SERVICES 


construction of 16 different milling 


In recent month principal inter 


to companies that 


ALLOY METAL PRODUCTS, INC 
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, wher Ni Consulting Engineer 
1897, Mr. Jacobson re 


New York 16, N. Y. 


H. L. TALBOT 
Consulting Metallurgical Engineer 
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Room 330, 64 State St, Boston 9, Mass. 


Lynn H. DeSmyter 
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Registered Japanese Patent Attorney 4& 
Metallurgical Consulting Engineer 
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Metallurgical Committee, National Fred C. Krebs, 3r. (Member 1953) 
Defense Researcl Committee ind died recently Born 1930 in Svyra 
erved on a similar committee of the cust N Y.. he attended the Uni - 
Office of Scientific Research and De versity of Arizona where he re 7 
velopment, | 
and ex-president of the ASTM, Pro engineering. During his summers a ; 
fessor White pecial interest wa an undergraduate, he was employed a 
high-temperature properties of fer by Commercial Travelet Mutual 
rou metal and alloy for use in \ccident Assn. of America In 1954 mn 
powell plant Kreb became | 
vineer in charge of research and de -_ 
(Member 1950) died velopment of power metallurgy 
on January 1, at the age of 67. Born Utica Drop Forge & Tool Corp. in i 
i Houston hie vraduated fron Utica, N. 
Washington & Lee University, Lex , 
ington, Va., in 1909 Upon graduatior a 
he became professor of mathemati ‘ 
at Daniel Baker College Brown 
wood, Texas, after which he joined iz 
the Southern Traction Co a“ a Date Date of 
draftsman. In 1917, Mr. Irwin be Elected Name Death : 
came associated with Arthur G veal Arnat Unknown 
Kee & Co Cleveland remaining Hale O ne 
with that company until his death 1954 WD i Ih 12, 1956 
at which time his position was assist 1907 1956 
ant chief engineer rit 
J Prest Irv J 1, 1957 
aw te H. Jacob 1. 
Member 1935) x Dec 7, 1956 
Fred C. Krebs, J Unk 
died uddenly of a heart ittack in “4 \ Rippe 1956 
hi home at Hayden Lake Idahe Eugene Unknows 
on Oct. 21 1956 He Wa 7l 192 iW pott ood 1051 
old. His outstanding mining caree! Albert White 18, 1956 
ad White 26, 1056 
took him into ten countries and in ee 
cluded important services to his in - 
dustry in three war During those Be 
yeal he wa associated with the i 
est was the operations of Conjecture es 
Mines Inc., near his home in Idaho ‘oS 
A graduate of Michigan Coll pe of ~ 
Limited to AIME members, 
Mine in 1908, Mr. Fichelberger took have at least one AIME member on their stofts 
hi first mining job while till in Rates $40 per year per inch es 
chool. During World War I, he su = 
pel ised construction of one of the a 
and in 195: ent to South Korea a tihizat Res. 
ment during the war a 
1930) 
Perth Amboy 
born Aug. ind Ship- 
ceived his B.S. degree from Colum wrecking tion of Plants : 
na trw ber ¢ err? 4 
bia University in New York. At the Pes us ONG Nonterrous : 
ip 
time of his death he was employed ; 7 
Na au Smelting & Refinin Co. on : 
Staten Island, N. Y. He began hi - 
career a cher t with Americar 
Maurer, N. J ind in 1921 joined om 
Tottenville Copper Ce S. 1, N. ¥ Extraction ond 
peciatizing in Cobalt and Copper 
Mr. Jacobsor imticles on analysis of ee 
tin and metallurgy of tin were pul SSCs a 
lished in Metal Industry Magazine ae 
ear-old metallur ist Wa 4a pvradu 
: Patent Matter al 
ite of Wayne Universit He had text translated fron 
Ordnance Dept ‘ Ml Ir Michigar candidate for the doc C P.O. Box 1545 Tokyo, Japan a 
World Was II he a chair: i! torate depres 
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For producing the New 
Chromium - Nickel - Manganese 


STAINLESS STEELS 


ELECTROMET offers a variety of alloys 
designed to suit your specific needs 


for Chromium additions 


mium 6.5 to 66 , carbon max Oo 
Low-carhon ferrochrome (Chromium to 


ten carbon grades from 0.02 ti 


motallic. Oxidation in Chromu 


Melting Low Carbon Stainless Steel 


ferrvochronu chromium 


High-carhon ferrochrome chromium 65 to 


Reducing Period in Stainless Steel Melting 


Low-chromium, high-carbon ferrochrome 

chromium 57 to 64% carbon 3.5 to 5 in, 
“RM” ferrochrome alicon chromium 
to 41 » 45 


, Carbon ma 


for Nitrogen additions 


SIMPLEX witrogen-bearimg, low-carbon fer 


ochrone in 2 and. nitroyven prades, 
taining 62 to 65% chromium and 60 | 


to bo chromium respectively 


low-carbon Terrochrome 


chromium 60 to 705°, In Lio 


rity 


oven trade 


Vil qenu-bea ng clectrolytic manganese 


imately 


containing appro» 


inganese (metallic basis) and ¢ ni 


for Manganese additions 


Klectrolytie manganese metal with mini 


mun nanpanese content i 


PRO METALLURGICAL 
COMPANY 


30 42nd St ide New York 17, N.¥ 


; j Please ntact the nearest ELECTROMET office. Ask for 
nese and the booklets on melting low-carbon stainle teel, 
Trade-Mark 
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NON-CARBONACEOUS 
CORE COATING THAT PRODUCES 
SMOOTHER FINISHED CASTINGS 


SIPAC United States Graphite Com- 


pany'’s complete core coating, requires only the 
addition of water, and produces bright, gold-colored 
coating with fine, smooth surfaces—using any 


foundry sand 


SII AC is non-¢ arbonaceous and inert; 


will not react with any molten metal, including grey 


ron and steel. Clean to handle, its burnished gold 


color makes cores highly sisible—a real help in 


placement of cores in the mold. 


SII AC costs less and gives improved 


casting quality. Resists flaking and completely seals 


core surtaces. 


AVAILABLE in $5-gallon drums, (in paste form) 


ready for mixing and dilution to your desired 


Baume—even to a scale of 42—without settling. 


WRITE TODAY for details about SIPAC or any 


other United States Graphite Company core and 


mold COAUNRS. 
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